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Pubhc Vtechnology Inc ig a-pon- proftt tax exempt publtc
"interest organization estabtlshed in December 1971 as.an

" institutional mechanism for applying available technologleso

“to the. problems:of state and jocal governments. Sources of .
such technologles |nclude federal agencies, private |

" .« industries; universities,»qnd state and local ]urtsdtctrons

-

.&

- themselves. PTI works in both the hasdware and software :
fields,

PTI works on sﬁecmc probIems that have been def|ned and
giveh a htg;r priority by state and-local government officials.’,
A problem ‘also must be commpn to many units of govern- ’
.ment throughout the nation: and one that is suscepttble to -
tec‘nnologlcal solution. In this wgy two major organlzatronal B
goals are realized: (1) costs angl benetfits of large-scale ™ .
undertakings are shared; and () private sector, Federal = .
agency-and foundation .invest ent in the solution of pUblIC
sector problemstts encouraggd by the aggregation of
specrftc markets at the state and local levels of govérnment. - -

- The technology appllcatton process cons:st~s of these steps .
probtem def‘mon location of appltcable technblogy:
8pment of new or improved products or systems ° ..
opriate gackaging of the technology for state' and local - .
governments: and help in adapting 4nd implementing the
technology at,the operating level, Emphasisjs placed on .
transfer and subsequent utlltzaflon gf'the technology by the

latgest possible number bf jurtsdicfions, On-site assistance, ..

s prpvided, upon-reqd‘ést to make certaln that’ state and

f

-
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" of State Governments, Internatior

US Conference of Mayors L .

~local jurisdictions fully utitize'fhe technology. . " . | . -

PTI was originally orgaﬂrzed by\ghe officers of the CouncH
ity Management

- Associalion, National Ass&&atron of Counties, National .

Governo;s Association, Natibnal, League of Qtttes and
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- . _INTRODUCTION , |
. An Energy Conservation Retrofit Process for Publjc and Institutiohal ~

* Facilities was developed by Public Technology, Inc. to provide assistance '
to public officlals first considering energy conservation in existing public
buildings. The manual focuses on management.decisions wh1ch must be -
“made in implementing energy conservation programs for. emstmg buildings, -
It prowdes assistance in developing a plan of attack, estabhshmg schedules,
selectlng buildings, creating preliminary energy. savmgs estlmates, developmg
engineering work statements, .evaluating consultants, est1mat1ng fees, and - .
rough esttmatmg of constructlon costs. Detalls for co,nductmg necessary
engineering analy81s are not covered in this manual, this being a sub]ect unto .
itself treated within a large body of existing 11teratu1ve and pract1ce. In short
: th1s is a manager's manual for retrofit start—up. S . :

-~

low-cost conservatlon .measures such as lowering thermostat. settlngs, ‘night .
'temperature set backs, de-lamplng agd closing off unused spaces. Attention,
"therefore, is directed toward additional steps (i. e. , retrofit) often requiring -

. some capital expendlture that can be: taken to gain further substantial energy -

o savmgs. - 4 S

_ “The manual's basic goal 1s to aid in planning and admlnistering an energy
conservatlon prog'ram with emphasns on’ fast—payback conservatlon optlons.
‘This document stems from experlence gamed by PTIin asslstlng ]urlsdlctlons

An 1n1t1a1 assumptlon is made that many ]urlsdlctlons already have begun

4

\ .

- with energy ‘conservation programs; and the experience of others in state and = -

local governments, private 1ndustry and the federal government in pursumg
savmgs through retrof1t ' }

Retroflt for energy conservation in existing bu11d1ngs, as addressed in

this manual, should be applicable to many state, county "and local governments o

~and* specnal ’p’urpose dlstrlcts Experience has proven that energy can be saved
. /and energy cos‘ts reduted significantly by concentrating on modlflcatlons to
N bu11d1ng use patterns, operatmg procedures and design. aspects _Thése savings

N
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Generally speaklng, greater expendltures fOr, energy conservatlon will. -

yield: greater energy savings. Much varLatlon, however, exists among even

. 81m11ar facilities because of climate, es1gn, siting, bulldm'g usage, and -

,,conservatlon measnres already initiated, The key for each Junsdlctlon\

' conserving energy is to select facilities. where the greatest savings can be i .
‘achieved, and to gain the most lwrm good f‘Fom retroflt funds wh1ch are

.

- ava11ab1e.- U R . B

g As an overall estlmate the Federal Ene.rgy Adm1n1 stratlon notes that
T S a bu11d1ng owner may expect to save 10%-20% in energy ‘use without any "
1n1t1a1 cost, _another 10% with minimal first oosts, .and 10%-20% more with =~ - . °
. _an-investment wh1ch can be paid back by savings in three to_ ten years. ‘Case
- ‘studies’ 1dent1ﬁed by PTI tend to agree w1th these. est1mates‘ B o
Flgure 1 1s‘a conclse representatmﬂ's. case study results
. described later'in: detail. 1t shows thatgmgardless of'the funds available
for retrofit, viable optxons fox‘energy ‘conservation retroflt are likely to R B
.. exist. This holds equally well’ for Junsdlctlons whxch can: only spend $.10 -
~+ per square foot and qthers wlnch can spend perhaps $ 80 per square foot L\__
‘ of bu11d1ng space. o o o . ol h

o] 7.

5 8 8{3‘8
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PERCENTAGE OF ENERGY SAVED,

(compared to Base Year.Energy Doliars)
T - R - B - :
“
[ J
)
t

' L ' '..'_.10‘» 20 . .30 0. 80 80 70 80 bo sioo
R S N IMPLEMENTATION cosT peﬁ SQUARE FOOT ($/ft2) Looe e
. DR Flgure1 L . o - e
ol . 'savings Versus Retrofitcosts For Recent , TR .. L
) . 'Projects” .

- {See Figures 15 dnd.16 beglnning on page 00 for
greater detall) PRI
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. An energy conservatxon re rofi
AR stresses three areas P

, Pla.nmng a phased\program for ach1evmg retrofrt
Conduct1ng energy consumptlon studies to select the .' v

s ‘most promlslng faclhtles for ach1evmg energy sav1ngs .
through retroflt modlflcatlon._ L . o

CigE e

gL

’In1t1at1ng a.nd managlng a. detalled eng1neer1ng a.nd
arch1‘tectural study of potentlal ,conservatlon measures. .

»

R C An Enerp;v Conservatlon Retrofit Pmcess for Ex1st1ng Publlc and .
TR lnstltutlonal Facilities has resulted from initiatives of Public’ Technology, Inc. P
T . beginning in 1973." At that time PTI developed several conclusmns about the:.
RS future of the energy problem relat1ng to bulldlngs Wthh Stlll appear 'to be valld o

R

o o Energy prlce 1ncreases fuel shortages ‘and fluctuations
- . .in relative costs for alternative fuels will continue to.
' exist in the foreseeable future.

- .':;The real conservatlon problem will center on ex1st1ng,
rather than on new. bulldlngs. Most buildings that will -
" be sta.ndlng in the year 2000 have already been bullt

) . "'Qulck -fixes" .and publlc awareness can help adva.nce
. .energy conservation, ‘but in the long-run, redesign and’
' mod1f1cation of bulldlng energy systems will be a real
. _necesslty L B : X
"‘New energy sources——solar, geothermal advanced
‘nué¢lear, coal gasmcatlon, coal llquefactlon, and .
‘ other technologies--will not be in widespread use Lo
fo " soon in public buildings. Some may prove useful in
- only limited sections of the country.  © AR

N

“ ‘ : o These conc\lualo,ns led to a de01s10n on the ‘part of PTI to develop methods'_
for asslstlng gtate and. local governments in achieving slgmflcant energy con-
servation in ex1st1ng pubhc bulldian,especmlly through mechamcal and




e , . .

7 electrios systems modification, réjyi'ised:buildi'ng_ 6peratihg procedures and
. adjustmeeht of fupctions’and use patterns of building occupants, - - - . L

oo oy e

L "As a result of this decision, two efforts.were begun simultaneously, -

" The first focusert on Heveloping a stratggy to assist jurisdictions in.achieving
rapid short-té’_"i'ﬁ-l'-.reductions' in fuel é%enditufés; mainly through modifications
of their_,operating‘ pnb‘ce‘dures and building use patterns.~ The second ‘strategy

- with regard to capital expenditures to' modify the design and operation of .
. . builld’ing.s'»for; IQ'ng-té'rm'enerlg'y CO_nser.'vat'idr'I‘w,ithout serious reductions in.
occupant or employee functions. The latter strategy is represented by this:
" manual.’ S U , . R
. , . N\

, ' . The first conservation strategy was aimed at providing ''quick-fix" '
© energy con:servat'iop;rrie,asures. It derived from a PTI program already under-
way to agssemble information on innovative responses to the energy problem,
In conj_unctioq with the International City Management Association, PTI" . '
. "'publish'ed' Local ,Gévernment,Approaches to Energy Conservafion,-'suggésting
" - .a number of areas in which local governments can save en tey.
T , . .

In 1975 PTI published a handbook, Energy Conservation: A Technica
Guide for State and Local Governments, consisting of fundamentals for ‘
-organizing and implementing an overall energy conserv_‘atio'n‘pmg'ram at the . .
. state and local levels df‘government,w’ith emphasis on "quick‘-fix"' options.
. P'TI also conducted energy conservation workshops around the country for
‘stat‘e'an;d local govemment_bffi’cials.' SeVeijal othér documents suggesting
- .'quick-fix" éne,rg'y conservation measures ahre now available. Appendix 1
of this document summarizes some of the major elements of a "'quick—fix'"
program. . R . i , . | .

~.

~ The second strategy--energy retrofit--was seen as a long-term but
- potentially more important energy conservation activity than immediate 4
¢ savings gained throygh "quick-fixes", Once 3 phased professionil approach .=
to;net‘_rbf'it_was‘ defihed, the next step was-to find an innovative organization
'+ . which shared. this view and one whose®applications of technology made it
' ‘possiblé to achieve the goal of 'long-#_termhenergv' conservation that wouid
~ result in permanent long-term cost savings. 'In 1973, before many design’
- firms entered the retrofit market, a hationa! search was conducted with the
final' conclusion that the Energy Systems Division of the Grumman Corporation
" utilized a phased methodology that, When'applied, would result in significant”
-° . ' '‘energy savings in public buildings, with payback options identified‘..‘ Working :
: » With Grumman, PTI was able to gain first hand experience on several retrofit'; o
projects for public buildings, - . o : . S '

"1 wasto provide managers-with the information needed to make rational decisions '~

[
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e bulldlng energy retrof1t process desenbed here 1s lelded 1nto four - -

distinct work phases and has beén employed 1n the same baSIc form on numer—
ous- retroflt progects :

. S~ . . ’ . . ‘ . L L Y.
- Phase I: ©= = Review of current energy consumption and T
‘ : selection of fhe most promlslng facilities ..~ . =
for retrof1t o L .".' ol
Phase II: - ',Detallé'd engineermg and architectural study

\ . "Phase IH ‘Implementatlon of desnrable retrcfit changes

' of potential energy conservation modifications
- for selected facilities. Prlor1t1zatlon of
‘options in terms of energy savmgs an€ payback

l o w
_Phase Iv: Monitor,ing_‘_of energy savingsyachieved} 9‘,‘.1‘1 :
: aggressive follow-up maintenance programs. .
" Certain owners making alterations for energy conservation have combined -
two 6r more of these steps into a single work phase in thelrtretroflt programs;
PTI, howevep, suggests keeplng the four phases distinct. The main reason is

. to provide a mechanism for management control of the effort ‘especially to
. _assure that costs for retrofit work. stay in line with energy. savnngs beneflts

" Special emphaSIS in the retroflt process is d1rected toward a détalled
engineering and archltectural analysis of a wide range of avallable energy

' conservatlon options for each facility.’ Becduse energy usage for equjpment

within bulldmgs is highly interrelated, changes in any major. component W1th1n

.the facility can affect the operatlon of all other.components. The energy: use £
" of ‘the facility as a whole can only be understood accurately after a thorough

- 'analyms is conducted

- ThlS is'an lmporta.nt fact for the admlmstratlon Only after a thorough )
analytical study of the entire facility and its operation as an. energy. consuming .

system will the adlmnnlstrator have the assurance that the best set of retrofit -
-modifications with -the highest payback has been selected. Installatlon of.

L3

~"double glazing is a good example. While it is intuitively obvious that double _

glazing can cut energy losses, it may not be as obvious that'in someé cases
the payback period may be.well over ten years. sLess obv10us conservatlon
meaBures may provnde a much better return.” Automatic shutoff devnces :
for lighting systems, as an example, may appear at first glance to be an |,
expensive way to perform a very simple task. Surprlslngly, in several
1nstances these control devnces have paid for themselves in less than a year.

N v _-5-.‘_
o, ~
v



An’ energy retnoflt effo‘rt may be conducted mdependently, ‘or better

_agsume that energy. conservation measures should be consldered and 1ncluded L
whenever a bulldlng is remodeled or expanded : h

.« .
' LY S AP

* To. accommodate. reciui're'd‘ :filnct'ional{i;usje. change,s |
f ((/ T “-;a To replace inoperati_ve' or obs'olete;eduipment
“ . To serve a comp'letely new'function' |

A : 'When deterlprated bulldlng components reqmre _
. ,' replacement for safety egg code compllance.

- L e ,._.‘.f' S

" State and local governments or other publlc 1nst1tut§)ns maklng ma]or
.+ . alterations'to delllt es normally must follow building code requlrements for
~ o safety and health, Tt is worth not1ng that recently developed model building
o code requlrements or energy conservation applying to new bulldlngs are _
~ likely to be adopted in many states.and- locallties. These codes may be.
1mposed on existing buildings where such a. code is in effect ‘and if the.intended. . -
facnllty mod1f1cat1 ns involve major space add1tlons or changes,ln OCcupancy
~ type. Most new" c des and standards for energ'y conservation in buildings are .
1ntended as minimum . requirements, and are not based on the speclfic economlcs o
of opt1mal energ'y sav1ng ln 1nd1v1dual bulldlngs. . . : '

e

' Many somewhat 1nterrelated approaches can be pursued to: deal with
energy pnoblems in existing buildings. Several appear below

- - . . N ~ * A.‘ N N T i ’ ot . .‘ . . .
_.h- 'Y" Lo - . K . I < . R s . . '

' °gtill, in comb1natlon with other: repa1r and alteratlon efforts. It'is. safe to '?\ o

‘Life Cycle Costlng An analytlc techmque 1nvolv1ng study
of all costg of owmng and operat1ng a facility- 1nclud1ng
1n1t1al cos{s and energy costs, over its rema1n1ng llfetlme.

Peak Load Reductlon - Concentrates on reduci energ'y use
, , from publip utilitie‘s dur1ng peak demand period Peak load - -
Sy reduotlon oes not necessarily reduce total ener' '_sage. ' '
' ' .Usagé ma, onlSul{e shifted in the time when it occurs. By .
'reduc'lng ppak load, however, it may be possible to qualify
for more eslrable utility rates. Peak load reduction .
. progr ms in the long xrun may save ut111t1es the need to
- ‘maint n’ h ge reserve capac1ti,es for. power supply. '
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_ Use of Alternatlve Fuels - Because of posslble fuei'curta‘ :
" ments, or because of fluctuating fuel rates, many medln'
. ownérs have developed a capab111ty to shift as- pecessar \ . _
<2+ . from one fuel to ancther. While not neoeSsanly sav’lng‘ ¥ AR
' ‘ energy, this capacity may ‘help to save on en,ergy b111s and '

* . can be extremely 1mportant dur1ng fueL shortages.‘_ R : __: .'j;",u:_'__.' B

-Solar Heat1ng and C0011ng Ex1st1ng faclhtles may be .. .. L '_j_-.:""' e

"T retrofitted with solar systems to cut use. of non-renewable - SR
' fOSSll fuels.. Often golar retrofit will be initjated-in con-. . LS
1 junction with other’ energy conservat%on meagSures aimed e L
-primarily at total energy use reductlon such as. suggested
in this manual.. » ~- . - S » o q- T
_ \\ IR s o : Tk

o .

, Thls manual on. retrof1t is 1nterrelated W1th several of the concepts above.

, By empha:s1z1ng short- term payback itisa limited applloatlon of Life Cycle" (
Costing, ‘The archltectural and eng1neer1ng analys1s suggested in this docu-
ment. includes consaderatlon of peak. load reductlon and use of a].ternatlve fuels
amopg other retrofit modification pos81b111t1es. Solar; hea/t:}g and cooling,

however, is not addressed spec1f1cally in® th1s manual. .Owners interested in- . \
solar app11cat10ns will find a sxgmflcantbody of - mformatlon developing on L

tthtopic. T PV PR <

The deCISIOD to concentrate on fast payback retroflt programs (approx-
1mately one to seven years) reflects the belief of Pubhc Technology, Inc. that.
_ the majority. of state and local government building owners will find this to, be.
the most practlcal energy conservation approach at this time. Followmg .
success with- near-term payback’ efforts ]unsdlctlons are hkely to reévaluate
-their buildings as energy situations change, -and: also may gain the’ confidence
necessary to pursue optlons W1th reIat1vely long—term paybacks. '

St
.

~

Energy conservatlon in ex1st1ng pub11c facilltles is of paramount natlonal

' 1mportance to sa/e energy; to reduce the strain of energy consumptlon costs
on state and local government budgets; and to Stimulate ‘energy conservation

. in res1dent1al and private sector facilities. Pre11m1nary estimates by Public
Technology, 'Ipc. , indicate that several bllllon square feet of facility space
1sroccup1ed by state and local governments resulting in billions of dollars
“each year in energy costs. Since all indications point to cont1nu1ng escalation
of energy costs for the foreseeahle future, Public Technology, Inc. ‘hopes
that An Energy: Conservatlon Retrofit Process for- ‘Existing Public and’
“Institutional Fac111t1es can assist jurisdictions in this important area,’

SR . o . . . ,
. o ) . LN
L IR




A PHASED MANAGEMENT APPROACH TO ENERGY CONSERVATION
. ' IN EXISTING BUILDINGS s

E]

e * Most existing bulldlngs of states, countles local governments and -
.'“‘i ;,_, ; spec1al purpdse districts were- de31gned andgonstructed during an era of - _
S 'abundant and mexpensf ehergy. Initial costs for buildings and their ... .
L _'comrponent systems loomed higher in declsmn makmg than did the costs of ,
i "'_:_‘,5 _ energy-or concern over limited fuel . supplles. ‘As a result inergy conserva—
f'-‘.tlon generally was not an 1mportant feature of their deslgn. )
, Huge escalatIon in energy prlces and the reallty of fuel shGrtagesAnow
. " ‘make" it economically’ desirable to redes1gn, ‘modify.and, ingeneral, to retroﬁt
" buildings, their operatlons and thelr 'usdge to save as much energy as is -
. practical, Practical savlngs, not max1mum savmgs is the key concept Wthh
applles in a voluntary energy conservatlon program

-

i Tt
’.J.

_ Many avallable techmcal and non—techmcal optlons w1th varylng degrees
~..of effectiveness ¢an save energy in bulldmcrs. Some modlflfatlons can be
L achl.eved with little or no cost. Other conservatlon options/can bé expenswe. '

' Still gthers may unf(avorably sacrlflce occupant comfort or functlonal use of

the bulldlng W e S . o coe

Vo
3

' Faced with th1s wlde range of poss1b111t1es--and also confronted w1th
o llmlted financial resources--a government administrator is well’ adv1sed to..
v first call for a detalled study of many alternatlves and then to implement the
optlons which will save the most energy in the shortest tlme within existing
. financial. constraints. Frequ€ntly, only optlons with the shortest payback
' perlod can be afforded in the near future. '
‘ . A dlstmctlon can be made between achlevmg energy conservatlon in new _
~ buildings and retrofit of ex1stu}g bulldmgs. With new buildings it ‘may be
des1rable to make energy related design decisions on the basis of long-term B
payback identified by Life Cycle. Costing techmques--an analytlc method
_7involving consideration of not just initial costs, but all costs, mcludlng energy,
¢ of owning: and operatmg a bullding over its expected lifetime; Life Cycle Cost
' analysis often will demonstrate that bulldlng systems with incrementally hlgher :
. initial costs will pay for themselves over the life of a bulldmg through better -
B performance and less required mamtenance.

A 4 L K . o . o
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As a practi’cal matter, several state\and local government junsdictionS‘ '

successfully employ life cycle payback in considenng new building design

 Of the retrofit case sizudies identified by PTI, however, few ]UI’lSdlCthDS—

chose to obnduct retrofit pmgrams on the"basis of dife -cycle payback, Most

Basi¢ Approach

L.
Fl

. selected a shorter payback period than“the rema1n1ng life of a bmlding--often
’between one and seven years. The exceptions to this involved buildings with -
short remaining lifetimes, and buildings in wluch ma]or systems were due o

for replacement anyway. RS N

a Y L : N 2o

In seeking to maximize the impact of a llmlted financial commitment

" toward energy conservation in existing buildings, a basic plan of attack

similar to that Wthh follows can be set:’

The energy usage of all- buildings is monitored periodically
. (e.g:, monthly) A ‘study. of energy use 1s conducted for :
each building ' »

1

Energy conservation options with little or no imt1al cost g
such as suggested in Appendix 1, are 1mplemented in-all
bmldings. These low cost options-often will be 1dentified

: as part of the mitial energ'y use study. o N
The most inefficient energy consuming buildings receive PR
a thorough architectural and engineering study to analyze o
conservation alternatives. ‘ -

goal for retrofit modifications. Retrofit.§ptions which
. meet the payback criteria are.prioritized implemented
in the- buildings that are least efficient in energy consump-
. tion, Implementation decisions. finally must be based on
the amount of money available. o :

The junsdiction establishes a reasonableg:back per.iod X
pt

In suc'ceeding years as funds become available the = .
jurisdiction imoves on to other wasteful facilities, Over,
perhaps, a three to five year period all wasteful facilities
© can be retrofitted ‘Buildings are reevaluated as energy

- cost and supply conditions change. :

2

3
,;,l':‘\ )
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. Identlfy and quantlfy the problem of energy IneffIcIency *
. Gain support of local officlals and citizens . ,
Establish accountability for.energy use R IS
.Select buildings to be retrofitted - - -+, B :
‘“Establish payback goal - ' S
) (
Asslgn In housestaff or selected consultant under .
< contract S , . ¢
' - Site-survey and review of pIans .' : S —
Detailed-analysis of a wide range of possIbIe SR .
modifications, = - : Bl . o
Prioritize optlons - - L S .
Develop implementation cost and savIngs pro]ectlons L
Present recommendations and gain- management approval
5 ——»Prepare essary pIans and specIfIcatIons
' ; Let construction contracts
o3 Modlfy operatlng procedures .
Establlsh monltorlng p cedures
. o
Assure that buildingg/are performlng up to expectatlons ’
o Providé continued at entIon on maIntaInIng energy .
. savlngs
Figure2 - . . - _ _ o :
A Four Phase Approach for Energy Retrofltof ; - T L« J ;
ExIstIng BuIIdIngs : , - BN : o »
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Here the overrld strategy 1s—Smrple—Save—as—much energy as. posslble_ '
. with the least caplté.l o ay. ~Bemonstrate that energy conservatlon makes. ‘

e T - good economic 'sense. @hen, build 4 case showing that energy- conservatlon L
' “is worth pursulng further, - gaining support from the commumty and, elected i / B
- offfeials. - Push retrofit:forward. untilt ‘3 p01nt of d1m1n1sh1ng returns_is: Bl

encountered Respond to chang'lng energy cond1t1ons. and fac111ty needs.

. BN - T . . . o A . . : . IR o e
) . . . - . .. t . Lo . . . B .
. kl : : : N . - - - . ,‘ : . .
»

' - Phased Management Process. . #. . . -,

.

. . ‘ B . 3 . . : Lt " .'A. .
" With this baslc strategy establlshed :the next problem to: be addressed
-the-actual management and operation of the. retrofit program in a log"lcal
.. ash10n. The management ‘process recommended below is divided into four
" work phases. ~ The. separatlon is‘for a s1.mple reason; it allows the public - 5
sector building owner to control the retrofit process and to- keep the time and
- capital spent for achlevmg energy savings in line with the scale and certalnty
¢ - . of the expected savmgs.. One important aspect of the process is to.assure
Co “that costly building modifications will not be made until management is _
convinced that the 'most productu/e set of building and operation mod1ficat1ons )
“have been selected, Another is to assure that the. time period durlng whwh C
energy sav1ngs pay bacfc retrof1t costs W1ll be sat1sfactory ‘
b The four phases of the retrofit process ag d1sclt}ssed below are shown
~ diagramatically in Figure 2. When first. cons1dering the potential for" energy
conservatlon in’ ex1st1ng bu11d1ngs most state and loo;al governments and
speclal district agencies will support energy conservation in principle, But
. it is much too early to make large scale financial comm1tments because costs .

- and benef1ts have not yet been clearly deflned

The Phase I ~ Energy Consumpt1on Study is an 1nexpenswe and fa1rly
rapid procedure to develop priorities for action and rough est1mates of poten-
- tial results. At the-end of Phase I, without having spent’ much money, ‘a
jurisdiction can determine whether energy conservatlon in spec1flc emstmg
bu1ldings should be pressed further."

. ) N
. % o ‘Phase’ I may 1dentlfy a number of low cost energy: savmg approaches LR
'*A.ff " - which can be 1mplemented and begin to pay for the costs of other retrofit
work espec1ally if savings canbe directed to a retrofit budget account. In .
the Engineering Analys1s of Phase II, the jur1sd1ctlon, with in-house’ eng'lneerlng
‘and architectural staff or a competent consultant, ventures a relatively small
outlay of time and funds to determine the basi¢ modifications that should be’

made, estimated energy savings, and est1mated retrof1t costs for bulldmgs '
that have been selected. i
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, At the end of Phase 11, if constrhctmn monles are not available or: 1f
N payback periods will not-be acceptable, the ]unsdlctlon can stop work until_
" conditiens change. ‘Note the low cost optlons 1dent1ﬁed 1n Phase II may be -
1mp1emented even 1f consf"‘cmon funds ate tlght o

. BN . N

. L]

s _ When the ]unsdlctlon contlnues on wrth Phase 111, Implementatlon, 1t
i is assured W1th1n the limits of rehable and.conservative eng'u?eenng estimates
AR that energy savmgs will result and knows in advance approximately what the
o savmgs will cost to achleve. The monitoring activities of Phase IV-are an -
' “inexpensive means to document program results and assure-that the .expected
o sav1ngs are being realized. *Monitoring afso prowdes accountablhty for energy
" .usé and Keeps a spotli ght cehtered on the. cont1nu1ng effectlveness of con$er-
- 'Vatlon efforts ‘This is shown in Flgure 3

e .-

Englneertng Conservative -
“Analysis; P stimates
P lll R ' Precise " Significant
: Implementatlon ‘Calculations .
AR . A
IV A - Actual "Minlmal -
Monltorlng Results S
P 'Flgure3 ‘
Accuracyin)EstImatIng ProcedUres o M
Compared to Commitment of Resources
Through the Retroﬂt Process :
N
. _
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Energy
.Use
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' Energy use study of town and school buIldLgs

.- Presentatian of consumptlon results.to elected offIcIals CItIserrs\
- Energy Committee and admInIstratlve personnel . o

. Citizens Energy Commlttee evaluates feasibility of conservatlon
" program and, {f positive, drafts resolutlon to the Town Council
-requesting the admInIstratIon to. proceed in preparIng aprogram
. deflnition~ -~ w

. Town Council adopts resoluflon

3. Administration prepares program deflnlflon to Citizens, Energy
CommIttee for revIew and recommendations

-

A

\

PHASE II :
Englneering"-
Analysls :

AdmInIstratIon revIews proposals hosts Intervlews and

..recommends consultant to Citizens Energy Committee | “

Citizens Energy Committee reviews consultant selectIon and if
positive, drafts resolution to the Town Council. requestlng funds

. for the consultant survey phase of the pro]ect .
- Town Council adopts resolution and approprIates funds L
?AdmInIstratIon signs contract for survey and engIneerIng analysIs

phase of the project

P G

iConsultant gonducts energy conservatlon survey and engIneerIng

analysis, then presents. conclusions and recommendations to
CItIzens Energy CommIttee and thé admInIstratIon

1 Admlnlstratlon in con]unctlon with the Citizens Energy Com- :
1 mittee, prepares a definitive plan for lmplementatlon '

Citizens Energy Committee dratf/s résolution to the Town CouncIl _
- requesting funds for consuitant.i

mplementatIon servIces
Town Council adopts resolutlon

AdmInIstratIon sIgns contract'for consultant lmplementatlon -

.services )
' Consultant prepares pro]ect plans specIfIcatIons and estImates i

‘AdmInIstratlon accepts bids and selects contractor to perform

necessary modIfIcatIpns

‘Administration drafts resolution o T6wn Councll requestlng

funds to Implement oonsultant recommendatlons N

‘ Town Council adopts resolutIon .
) Contractor wIth consultant overvlew completes modlflcatlons :

: AdmInIstratIon and Consultant monltor energy usage to verIfy
‘energy conservation, maintain program. awareness afd IdentIfy
- new ob]ectlves and opportunItIes

]

Flgure4 v S
- ‘Energy Retrofit Program Flow of ActIvItles
West Hartford Connectlcut ‘ S
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o Figure 4 illustrates one retrofit process as it was successfully pplied .
s+ . in West Hartford, Connecticut. A8 a New England town with a high dpgree of .

citizen participation West Hartford chose to utilize extensive citizen\involve-.
‘- ment in retrofit decibions. Other ]urisdictions W1ll need to modify detay1s N
- of this. process--espec/lally t1me estimates requ1red for each phase and brecise °
decision making patterns--but the West Hartford process can be. used as a - i
o pomt of departure and'is a- representative of public gector building retrofit
efforts. It should be noted that after West Hartford completed I‘etroht on its-
first group: of buildings, 1t pegan a follow-on program for remaimng buildings

. Each ]unsdiction establish1ng a retrofit project must consider questions
: regarding delegation of tasks to either 1n—house staff or outside consultants
.- 4nd possibfe combination of work phases.. Phasge.l may be. performed either
o .~ " by in-hofise staff or an outside professional If funds are tight, then the 1n1t1al
' energy consumption review is probably best performed in-house. 'If great '
-detail or extensive technical judgement is desired in Phase I, or if.staff time
~ is difficult to make available, perhaps an expenenced outside consultant '
shouldbecommissioned AR oL ‘
N o Phase II englneering analysis probably W1ll be pe;rformed by an experi- s
enced outside architectural and engineering group unless a strong in-house’
engineéring staff is available. If an outside group is utilized, then it may or
. may not be the same firm wh1ch conducted Phase I consumption studies.
- The Phase I f1rm already will have developed a working knowledge of the
junsdiction's facilities, but the jurisdiction still must determine if that f1rm

B is the g‘est one available for the detailed studies of Phase II

, Similarly, an argument can be made that th& engineering group conducting
. Phase’ TI studies should perform final design development during Phase 1.
<., .."This may be advantageous since the firm already would be’ familiar W1th the v
R design and operation of the jurisdiction's buildings. . One situation where a .
' jurisdiction may select a different firm would occur 1f the jurisdiction selected
 a firm for Phase II engineering from outside its boundaries. In this cage
_the jurisdiction may find that a local design firm might be selected for Phase .
- 111 detailed drawings and specifications because of its more intimate knowledge ©
o _' of local codes, mater1al rates, labor conditions, and other factors. ST

If an outside consultant is enlisted for morsxthan ohe phase of the retrofit
.process it may bé. desirable to commission the work in. stages.. This in no'way
prevents a single f1rm from providing contmuing services through the retrofit -

.'process. - It will make it easier, though, to terminate services if work is less -
than satisfactory and makes it easier to deal with delays | in project funding B
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R At least oné ]urlsdlctlon believes that a staged program for commlsslonmg M
‘:. consultants leads to; h1ghly ob]ectlve work by consultants and best results for '
' the city, o o o :
L& Co '1'-,/ Coa T

, Two var1atlons in use of outmde consultants deserve mentpn at thls
- polnt ‘The-first involves services donated by local de81gn professmnals or -
. public sp1r1ted firms W1lllng to contr1bute services to the commun1ty, espe- ° o
cially to prove'to the 3unsd1ctlon on g demonstratlon fa0111ty that retrofit ig_ - L
feas1ble and practical. The second variation on consultlng services isto . '
A obta1n asslstance from nearby colleges or universities. Several juri; sdictions,
' ‘sometimes with asmstance from their state energy gfflces ~have developed
_, agreements with eng1neer1ng or architectural departments of néarby 1nst1tu-
‘tions. Several ]unsdlctlfls h1ghly recommend this approach B

- Developing a Multi—Ye_ar'Pllogram' S : o .

.4

. The phased management process outlined above applles d1rectly to -
P ' retroﬁt of a single bu1ld1ng or to a number of facilities’ processed together
: . asagroup (i.e. - an initial’ energy consumptlon study is first performed
for all buildings in the group, then all receive an engineering study, then all
are retrof1tted and monitored as a group) Jurisdictions with afmzeable :
.. humber of bu11d1ngs however, may want: to modlfy thlS batch processmg
approach because of financial and manpower constra1nts Few ]urlsdlctlons _
for example, as 1nd1cated earlier, are llkely to want retroflt construction R
costs for all bu11d1ngs to occur in a single year, Slmllarly, the Jurlsdlctlon
may want to cut peaks in manpower loading by spread1ng the work over g
‘period of several years. This can be-achieved by having a certain amount of '
aud1t1ng, eng1neer1ng analyms a]hd 1mplementatlon occurrlng mmultaneously.
i Flgure 5isa schematlc representatlon of a mult1-year retroflt program. -
- Note that in this example existing bu11d1ngs were divided into three groups : -
(A, B, C). The first group in most cases will be the largest and least energy ‘
. efficient bu11d.1ngs. _ All bu11d1ngs are. first aud1ted for. energy use, Then. as
_ ' money and manpower become available each group of buildings. recelves an -
S o engineering study, low cost modiflcatlons are initiated. 1mmed1ately, then the -
rema1n1ng retrofit mod1§patlons are 1mplemented In this sawmgple plan,
detalled mon1tor1ng cont1nues for a'one year perlod followmg 1mplementatlon.
N S Flgfire 6 represents the accumulated cost 1mpact of the sample multl-
'year program, In this example the: largest cost impact falls in the ﬁrst year
.- of the retrofit program. Extendlng the duratlon of the effort w0uld lower costs
occurr1ng in any one year. R
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. Figure 7 app11es to the same multl-year program example and represents = .
accumulated. énergy savings from the start of the program. Some savings occur
" immediately from 1mp1ementat1on of low cost options, Growth in rate of sav1ngs :
accumulatlon depends on how much retrofit has been 1mp1emented
- Net-savmgs-bo date for the example program is shown on Figure 8.
' Th1s plot of accumulated- savings minus accumulated retrofit costs over a
- -.".period.-of.time.is helpful for planning the durat1on of a retrofit program. -
In essence, this chayt shows management how much front end investment is
: requlred to gain a g1ven amount of energy savmgs within a g1ven time penod

“In. develop1ng an overall retrof1t plan spanmng several years, the .
: manager begins with very rough assumptlons and estimates wlnch later are
replaced with'more accurate data as it becomes available. - The estimating -
. data in Flgure 9is provided to assist the manager with initial rough est1mates
- of the basic ‘scope of retroﬁt capital costs, -manpower requirements and
savings. These estimates’are’ based on past expenence. ﬁb data is rough
'and should be used with care. .

o Once the junsd1ct1on est1mates how much capital (or bond ﬁnanclng) 1t
can expend each year to ach1eve retroﬁt ‘the estimates of Figure 9 may be
_ useful in calculating the square footage of space that can’ be retroﬁtted each
year. Resultant annual energy savings and energy cost savmgs can then be ‘
derived, again,’ using estimates from Figure 9. Finally, management ca.n '
* project acc lated energy retrofit costs and savings for a multi-year
program sul:?as in Figures 6, 7-and'8. Through each step in the retrofit
- process the ]unsdictmn can refine these planmng charts by subst1tut1ng
,1mproved est1mat1ng data based on 1ts own expenence. ‘

v

Several reviewers of th1s d0cument'haVe stressed the desirability of
'partlally ﬁnanc1ng retrofit work through energy savings achieved by earlier . :
.. retrofit efforts. . Among other things, this approach demonstrates to clt1zens
that the retrofit program is designed to save pubhc money as well as to save
" energy. For this approach to be workable, energy savmgs occurring on paper
should be set aside on a separate bud‘get line, and not. s1mply returned to the
genq,;al treasury.

s ) . - : .
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Flgure 9

- SAMPLE GUIDELINES FOR ESTIMATING POTENTIAL COSTS AND
SAVINGS OF. AN ENERGY RETROFIT PROGRAM
(See Figure _15, page 46 for examples of recent retrofit) .

'~—'————1_-~ NS ) TR Cost for Performing Initial Energy Consumptlon Study and~~
: S . Spottmg No Cost Conservatlon Approaches (Phase I

i Bu11d1ngs under 15,000 square feet 1 man day for an
engmeer : : o

b Bulldlngs of 100 000 square feet: estlmate 3 man days
' foranengmeer o ‘ . o :

L2 Cost for Phase H Engineering."Slirvey_ and Analysis "

‘a _ Estimate costs beginning. at about $.07 per square
‘foot of space for a thorough engineering ana.lys1s.
Costs from $0. 10 to '$0..15 have occurred in severa.l
instances.. .Fees should be based, however, on
. accurate manpower requlrements, not arbltrarlly.
The engineering fee estimate here is subject to '
‘much variation. Several ]urlsdlctlon have per-
formed in-house engineering at very/low cost..
) . This estimate tends to reflect the ¥n her range of
e " fees required for a very detailed study. Fees are
: T B affected by the number- and complex1ty of bu11d1ngs
- being studled

.3 - -Cost for Constructlon and Implementatlon in Phase IH

& . a Estlmate $0 30 to $0 80 per square foot for 3- 4year
- payback goa.l or : . )

b . Estlmate $1 00 per square foot for 6 year payback
goal - L . ’

4 o Estlmate of Current Energy Costs (1f data is not avallable)
" Estunate between $0 60 and $1.00 per square foot

. »
. f e
g . -
O .
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b lb% or more with minimal 1nit1al cost (limited

b
* . $0.80 per square foot.
- Cage studies as shown in F1gure 15 tend to support these rough '
. -approx1mationsa o o S D

o retrofit - "quick f1x")

P

 (Figure Q'continued) o N . o

Estimate of Potential»Annual I@nergy Savings (FEA Estlmates)

a  10% to 20% savings with' httle ‘or no 1nvestment
(no retrofit) ' o .

,- ¢ Still another 10% to 20% more with payback of
3 to 10 years (retrof1t) L -

d Savings depend oh many factors 1nclud1ng how : :. o o
‘much energy conservation work has already S L
been done. . L - L I

. L . . ,
Constructlon cost estimates were derlved as follows
R

al

(10% savings) x ($1 per square foot/year) x (3 years for payback)
$0.30'per square foot.
(20% savings) x (§1 per square foot/year) x (4 years for payback)

-
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STUDY OF CURE{ENT ENERGY CONSUMPTION
(Phase I)

In beginning an energy" conservation retrofit program, these basic steps
S must be taken; 1) top management places priority on saving energr, 2) account-
=, . ability for energy use among agency departments and bu11d1ng superv1sors
'7.is established; 3) the practicality of retrofit is shown by means of a study of.
current energy use; and 4) funds are committed for further retrofit analysis. .
The discussiorn- below concentrates on alternative means to conduct an ehergy
~ use study in public buildings and ways to analyze the data.. Before broaching
_this subject, however, it may be helpfuf to discuss in more detail the other .
-activities which should proceed at the same t1me.

. ‘ ‘5." -

o ﬁl\danagement'and Citizen Interest .
Commltment of top level management to retrof1t is mandatory Experl-
~ " ences from several sources have demonstrated this fact, con81stent1y The
. interest of citizens and elected officials often can be just as 1mportant as
support within the administration. ‘Several junsdictwns have found citizen
'partlclpatlon to be essential and an 1mportant source of. advice and voluntary
" help.. Depending.on the structure of the junsdictlon the mechanisms for
. ) reaching elected officials and citizens vary: City Couiicil Study CommJttee,
¥ Citizen Energy Committee, Architectural Review Board, or possibly other
- . groups. When the jurisdiction. chooses to. proceed it can be very. 1mportan
.. to involve and inform people other than technical experts concerning the
r‘retrofit process. ‘This broad based support cannot be underestimated in

Establishing Accountability for Energy Use |

- ‘ W Ee o . o o

8, (

_ The same need for commltment emsts for the actual end usgrs of- energy :
©oin the junsd1ct1on-—agency personnel and operat1ng staff, especlally bu11d1ng S

perv1sors. : £ o
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Several large .scale building owners have found that establishing account~

- ability--one responsible person for the energy use of each building and a
‘standard reporting procedure to track energy use--is an important step in °

" the retrofit process. Initiating a system “of periodic energy use reports for L

‘ .' all facilities is an approach to this problem which several state and local. -
‘ government jurisdictions and other large scale building owners have used-
successfully. o :

o By setting up procedures for monthly energy use reports, managemerlt
‘both begins to collect data needed for retrofit analysis and also demonstrates
. to building supervisors ‘that it is highly concerned about energy consumption. .

;. An important benefit of the. reporting system is that it makes it poss1ble to .
recognize the real efforts of agencies and individuals to reduce energy use
" 'intheir facilities, and places a spotlight on fac111t1es where little progress
is being made. = - -

’Einployée suggestion and reward programs can alsg'be an important °
part of & conservation program, ‘They have been tried and have been shown

- to work. Continued emphasis and fine tuning are necessary otherwise the
‘ program may fall into neglect. ‘Rewarding people for sav1ng energy, however,
: shouldbe approached w1th some care., -~ . o -

. .. One. large scale facility operator in prlvate 1ndustry has noted that the
~amount of -energy saved for a particular building is not necessarily the best
guide to how well the energy conser\yation program is operated a poorly

run facility may gain major savings with a very small conservation program s

_ simply because so much waste existed 1n1t1ally. An efficiently operated
facility on the other hand may gain only small energy —sav1ngs even w1th an -

. 1ntenswe energy conservation program : : . - D

-

Conduc'tinga Study of Current Energy Consumption -

e
&

: 'The energy consumption study provides objective information needed to-
‘identify buildings that are wasting energy. Facilities that can be improved '
effectively can then be designated for further ‘architectural and engineering
‘study. Though. several approaches may be taken in performing the energy .

L consumption study, each is based on consumptidn. records of . ex1st1ng facilities, .

review of building plans, and on-sgite observation.

. The alternative energy consumption studies descrlbed on the follow1ng

pages are presented in order. of 1ncreasing level of detail accuracy of. estimates,

and difficulty to perform Erhpha51s is.given to the - ”Method A analy51s which

-~

L,
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'has been the most frequently apphed method Methods 1 and 2 can be performed
~ without great engineering expertlse. Method 8 may require participation of a .
- competent de81gn professmnal B I : )

. Mebhod 1: Rough Estimate. In facility: complexes lackihg separate -
metering for ‘each building or. in cases where records have been lost,. selectf‘ng
the best buildings for retrofit study is most difficult. If time and resources ,
do not permit going into great analytic detail (such as in Method 3 below), . — .
about the best that can be achieved is. to select the largest facilities occupied
for the greatest time perlods each week, Old heating, ventilation, and ayf
cond1t10n1ng systems, and obvious energy waste recommend further study
Faced with a situation of this type in one facility complex, the National Aero- .
‘nautics and Space Administration set the following criteria to seléqt the first:

‘ bu11d1ngs for detailed retrofit study. Local governments 1ack1ng eﬁérgy con~
sumptlon data may.choose to’ set 31m11ar selection cr1ter1a. ' “

-

Largest fa0111t1es ST ‘
- Known major energy users w1th ObVIOUS flaws - ' .
_Lighting greater than 4 watts per”squre foot ' '
Facilities having a term1na1 reheat system -
Facilities utilizing waste heat rejection .
Fa0111t1es occupled or operated 24 hours a.day :

e

Method 2: Estimate Based’on the Energy Utilization Index (EUI), The
second mtethod for performlng an energy consumptlon study- is based- on past
.records of energy usage, a walk-through survey of each fac ility and alreview |
of specifications and drawmgs. This study may be conducted either by in-
hotise staff or by an engineering ‘consultant. Greater. analytic detail at this
stage of the retrofit process, such as described in Method 3 below, may. not

- be requ1red to make the manageme decision to proceed with the Phase I
, engineering study in selected facilities: Users of this audit method have found -
it effective in- qu1ck1y 1dent1fy1ng the least energy eff101ent fa0111t1es—-the most

promi\ngfor retrofit, o o L R

Y- :

: e basie output of this energy consumptlon study effort is derivation

-~ of an Energy Utilization Index . (EUI) for each facility. - The Energy Utilization
Index is nothmg more complicated tl;an the total- energy consumpt1on of each .
famhty in MBTU's (thousands of British Thermal ‘Units) per square foot. per
_ year. Grouping similar fa0111t1es and comparing their EUI results will point
out the facilities ope;'atlng 1eas% efflclently and probably the most amenabr
o retrofit (see Flgureflo) ~ : :

g
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. UTILIZATION

* (MBTUper -

RS AR,

e e SR *Bulldlngs with hlghpnergy

consumption on a per-square- )
. foot basis are likely tabe the -~
~-- -best candidates for retrofit.

ENERGY.
. INDEX

- Square Foot

per. Year)
<
| SCHOOLS 1 OFFICES | FIRESTATIONS
,Flgure10 e ' ol AR o
-Energy Utillzation 1ndex Used 1o Set Retroflt o
'~ Priorlties. - . . TR !
7 o N v

Baswal].y, ‘the data requlred to complete the consumptlon form in
Append1x 2 are as follows . . .

£
. 1 . Records of energy consumptlon for each bulldmg. -
. a Ut111ty blllmgs (electr1c1ty, steam)
b Fossil’ fuel billin‘gs' _(oil; cogl, gas)

2 Functlonal charactenstlcs “of each bulldmg.,

a. Type of use

ot

. b ‘.'Period ‘of occupancy,. .(i.l‘e.‘.,-.dai‘ly,', weekly)

c_' . Ooefational cheracterietics_“
3 . valimatic-d'ete.,- he."at. galn,. and lose characte'ristice. B
4+ ‘Archltectural electncal and mechamcal drawmgs

of each bu11d1ng. S o o ST

- o see- L

o
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= proceeds with engmeermg analyS1s of Phase I

(U

If possible, ut111ty and fuel billings should be complled for several
calendar years, including penods prior to and after any "‘quick-fix'" retrof1t
modlﬁcatlons. Energy consumptlon in a base year of normal weather con-

. ditions .may be compared W1th that of other years to draw concluswns on.
variations in consumption. - Utility companies often may be helpful in se1ect1ng
‘an appropriate base year with normal. weather conditions. "Qulck-ﬁx" retrofit
‘modifications may be evaluated by determ1n1ng energy reductlons which have

" been achieved. - Cross- -checking data from similar buildings ‘may uncover
. problems in s1m11ar energy systems now using _d_lss1m11ar amounts of fuel. *

An EUI figure is dérived for each building using the forms and methods
‘shown in Appendlx 2. By comparing EUI figures for buildings similar in type,

" design . and use (e.g., offlces, ~schools, or garages) management can determine

- which speclﬁc buildings of a given group of bulldlngs are least efficient energy .
users. Final selection of the most promising “facilities for further retrofit - {‘ -
study can then be made on the basis of EUI ratings and total magmtude of

energy. costs for each bu11d1ng Generally the largest buildings with the hlghest :

-EUI ratings Wlll bs selected, . After this selection is made the 3ur1sd1ctlon

B

I

_ Method 3: Analxsls on a Component-by—Com@nent Basis. A much more
detailed- consumption review can be accomphshed using procedures developed

by the Federal Energy Admlmstratlon and used for estimating retrofit potegtlals

in federal. fac111t1es for the Féderal Energy Ma.nagement Program, Combmmg__
- engineering test data, expérience and the results of computer analyses, the
. brocess works as follows : { : .

1 CA 11st of prom1s1ng retroflt optlons ig obtamed from . c o \} o

C Lo charts showing basic climatic condltlons and bmldmg" R
: . types. These charts are mcluded in Appendlces 4 .
and 5, . . . . ) _ . R

.2 Each promising option is analyzed for potential energy.
' .savings independently. following a step-by=step procedure
. provided in the FEA manual. The procedures are largely
" based on reading charts and following: stralght forward
L ar1thmet1c calculatlons. :

3 Construction cost 'estimates\are" developed bdsed on LS

unit installation costs that are provided in the FEA' -

- manual, then the estimates are modified by multi- *+ -
pliers for regional cost vanatlons and cost escala—

- tlons due to mflatlon. .

R



' Append1x 3 prowdes an example of the I‘EA aud1t procedure and descr1bes

how pertinent manuals can be obtained. While more detail is gained’ uging
the FEA procedure than in Methods 1 and -2 above, it also requires much more
. time to complete and greater technical expertise. The FEA method, for .
example, requires the avallablllty of detailed data about energy consumption
characteristics.of components of the bu11d1ng HVAC system. ~Jurisdictions
4 without available technical staff may do well to limit themsélves to the Method ,
v o ' " 2 approach. -One final cautlon is necessary because of the young state-of-the—-' . :\ .

' art of the retrofit field.. Though the FEA. procedures are more detalled than’ :

Methods 1 and 2, thereis no guarantee that they are more accurate, The;

_ questlon of accuracy is now rece1V1ng substantral techn1cal review. ;

Technologles for energy consumptlon stud1es are How underg01ng rap1d

development One example of this is utilization of ground -based and a1rborne

‘infrared thermography ‘In several demonstratlon app11cat10ns ~gensitive:

scanners hav\a successfully mapped areas o} unusual heat loss or heat galn ‘

~on bmldlng extenors One example of th1s is a roof 1nsulat10n perform1ng

T *- inadequately because of moisture bulld up. ' Afrborne thermography for bulldlngs
o is especially useful for studying roofs thhts may scan a wide path so that

-energy loss from all buildings in‘a town or a major facility complex may be

reviewed. Several c1t1es and utllltles have wsed this approach successfully

The National Aerona,utms_an.d_Space_Admmstratlon hais been a leaderin

the a1rbo,rne theriography field. " Hand held 1nfrared scanners mcreasmgly

.. are being- employed to study exterior’ walls and 1nter10r building components, .

agaln to 1dent1fy areas of ’unusually h1gh heat loss or heat ga1n L
."',“4“,:‘. : ! ’ M'"" o . . X T ) h
v - '{ . s . N : %
‘Presenting Results' S '. L o R . T

Dt

. . . . ‘ ,..
Al c . . H . . .o 1 .

. . Whlle the 1n1t1al energy consumptlon ’stucly can: be accompllshed By many
Ly ]urlsdlctlons with in-hguse staff in,relatively shor{ order, substan 1ap,1:g,sources
. are requlred for: work to. proceed further The detdijled. englneerlng study of .
: o P}\ase 1II generally will requ1 rea demslon by the' ]ur1sd1ct10n to e1ther contract x
" with an arch1tectural ‘and engineering consultant obtaln free ass 57
. utilize conS1derable time-of the jurisdiction's ‘own techmcal staff ?&s such
the decision’ to go ahead must be Justlﬁed and shown ‘to be promrsxng

o oy T
. Vi .

| _‘ ‘The presentatlon of the energy;"eonsumptlon study results must t.’p clear
and comprehensive. Use of charts and. graphs is recommended The data  °

that 1hould be presented 1ncludes- T o j
. ’ o T AR K f'. .
"1 - -Background, methodology and explanation of t_erms'." : \K |
- 28 - :
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Aruitoxt provided by Eic:

Y

.has not occurred earlier, at this point it may be desirable to ‘nvolve people
"from several departments, elected officials and possibly a cif

"'can be adJusted estmllg.tilfgpmcedures explained and cnth’ué :
_ sh1fted If the analysis.witlistands thLS test -and continues’ to" Qemonstrate the

‘ f1nanc1al authorltles may be forthcomrng

2. . T-otal*yearly energy consump'tio'n by-ell bui-ld'ingsl-.
PR oo . »
3. ""otal annual cost of #ﬁildlng energy consumptlo S B S
oL . . e . ‘” ’ : ) P
4 »Annual energy consumpt1on for 1ndW1dual bmldmgs
y. shown in two ways: (1) on.an annual MBTU per.

i
square féot basis, (i.e., EUI flgures); ’2) as annudl
. dollar cost for each fac111ty.

~

5 . Prellmlnary recommendatmn of bulldlngs szt
Asultable for retroﬁt , SR
'f X .

; Prellmmary 1mplementatldn~cost a.nd energy savmgs .

 estimétes plotted over;.t"mev Af Methods 1 and 2 were -
used, gu1delines for costs &uch as in Figure 9 on _

pdge 21 ‘can be used to develop rough estimates. If . *

‘Method 3 was used for the energy consumption rewew, _
savings estimatés and retrofit cost estimates aré ‘.4 o

- ,..developed using procedures prowded w1th1n the("F,E o

' refenence dopuments. : ‘

- ‘n' RN E

Flgure 11 shows schemat1c means to represent th1s 1nfo’rmatlon. If 1t

,s..

i ‘en' i adV1sory L
group to, review and refine the basic retrofit plan developed t 8 lfar{, - Priorities .

,x and,schedules

-+ .

1mportancq of energy conservation in exi”stlng bu11d1ngs then;. s\‘, port

4



. -beVeloping Woi‘k Statements

; purpos es: .

Jurlsdlctlons may ohoose to perform this study with ex1st1ng in-house archi-.

’,some 1nstances may recelve voltmteer aSmstance from flocal des1gn profess1onals
The competence and experlence of the study group is of paramount 1mportance P

BTSN
A b

I

descrlblng requlred engmeermg study tasks. ThlS accomphshes severa

AT

Lo . K . . ‘.
R ‘ .
L9

: dldate flrms.

R o.: RS
Management may w1sh to ask the adv1ce of consultmg ﬁrms in reﬁnlng
a prehmmary scope for the task descrlptlom By dlspuss1ng the subject.w1th

. e

. tectural engmeermg Stéff may Utlllze the serv1ces of.a competent archltectural."*

“direct’ thelr efforts. I N e A ’




. P

1;4; . . '. \,< : : . . L

% A sample work statement is 1llustrated in Flgure 12 and may.be mOdlerd

-for the project at. hand The sample work statement calls for a detailed and '
) comprehenswe study, a. plan for: instrumentation, and development of a plan R
for 1mplementatlon. This basic form of work statement has been used success- '
fully for engineering serv1ces on severgl past projects. Management may - .
v ‘_ ‘chogse to" scdle down the work statement if it desires, e11m1nat1ng, for example, RN
conS1deratlon of convers1on to alternezlve fuel sources.

I_.

- \
.8 veral past retroflt projects reduced the scope of work and have pro-
ceeded yith less extens1ve engineering analysis than described in Figure 12,
'.r_,. . Fhe expgrience of Public’ Technology, Inc., however, supports the 1mportance B
- ofa comprehenswe study, espec1ally to gain the assurance that a wide range
of conse«rvatlon alternatlves has been rev1ewed and the. most prom1s1ng selected
" 'Solicit Qualifications Statements and Release Request for Proposals

-

(\. .
.o W

-

Dependmg on current consultant selection procedureé of the ]unsdlctl‘o’ﬂ A
s . . proposals from potential consultlng firms frequently will bensohclted as :
- ., follows: A notice is pp\hshed"and invitatioms are;*s‘ent Fequesting qualifications
' from Various flrms.‘ Consulting firms submit quahﬁcatlon statements; the
. statements; from several firms are screened; then & limited number of quali-
7 C fied firms arfe requested fo submit detailed project proposals.

If it is deslred ﬂhat.all f1rms subm1t the1r credent1als within a common - *
format the jurisdiction may chocse to ul.ihze or adapt the standard Federal
_ ~ GSA quallfication statements (Forms 954 and 255), samples of wh1ch are
4 ..i’vontained in' Appendlx 6. .. - ‘ , . o~

-2z
‘2 X%

[ R T -l : v . . o .

0 "7 BecaubBe there will be a diversity among the retroflt programs of indi- . g
vidual Jurisdictions, it Jnay be desirable to hold a briefing for interested '
consuW1Ms _The work statements developed above will help to clanfy

~the extent of analysls wh1ch the ]unsdxchon deslres._ . ‘

PR
~

A sample 'Bequest for»Proposals is 1ncluded W1thin Appendlx 7 of this
document. ; S L o
e )

« Review ;JT_-Consultants and Selection of Firm for Negotiation

i i A
'-. . -

[N

-

If the junsdiction is‘ seeklng professional services for Phase II the level - '_‘,
f service and fee probably wfl'l be pegotiated, not bid. Frequently*a review ’ N d
C mmittee s'uch,as an archltectural review board or a citizen' (seepage 36) o
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ENERGY CONSERVATION RE‘TR@FIT STUDYu'-«'
L - o SAMPLE WORK STATEMENT’

udyghal ‘,include an analysis of the specified buildings
from.-th,e_s'tanelpoint of energy usage and shall identify alter-

tions, modifi¢ations or additions which could feasibly be ,
'made to the building or its use to: (a) reduce the overall ) "
: : consumptlon of conventional fuel and -energy; and (b)- reduce ' ‘ ' ‘
R . the peak demand-for individual fuel and ener  sources, - e .
R - _ where more nearly constant demand would’ be advantageou$~ ' -

"The study shall- include: S o | ‘

'a An overall survey of the building use and occupancy
to identify facility use patterns and functions performed
by building occupants which contribute to energy use
.Wlthln the specified building(s).

. N
‘el o
-t

:surqey of the building envelope and its space ‘
yoling, domestic water, electrical and lighting
system.s ;peratlng equipment and practices .and other .
. factors affecting energy usage, by means of appropriatefl'-":
and accepted analysis techniques.

ET o

K (1) Calculate heat gains end losses for ex1sting

' ‘ buildings based on existing operating load§*and*

" outdoor air conditioning during:agcupied and

' unoccupied hours. Also calc;,ilate electric loads
‘and consumption, Provide corresponding com-

- parative 1onthly “energy consumption data based ;
on actua historical utility billings ¢monthly, yearly,
or long-term median values as appropriate) ‘

‘,,.:__ :

s

. (2): " Identify and describe’ types of existing - heating and
‘ _. M S cooling’ systems and how they are configured with
v o S respectw‘to the heat gains and losses in (a) the
building envelope; (b) interior or core areas; and
(c) special purpose areas. . ' -: v
o T L e

. !
§ . . Lo . ) P ‘.




| “(Figure 12 continuedy

.

" The developm ent of recommendatlons for alt;eratlons,

-

modifications, additions of equipment, systems or
materials to the building and its existing syst;ems or

‘modifications to operating procedures to reduce the .
.consumption of conventional energy. sources or total
‘conversion to less critical energy sources where

. apphcabIe. . The recommendations shall’ include gathered

dat:a, followed by ‘engineering and economic an/alysts
which aré sufficiently docum ented to lead to the recom\-\ '

‘mended solut:lons.

9

| 1) The recommendatlons should cover changes that

-~ (3) Recommended opt:lons should be prlorltlzed to"

’would not adversely affect environment;, produc-
tivity, aesthetics, or sa.fet:y of the building occupant;
or v1s1td'rs. ‘ ’

- (2) Each recommendatlon should be supported by a

“preliminary estimate of the cost to perform the
work, together with an estimate of savings in .
energy (BTU's) and critical” fuels and operat;mg

- costs, plus a forecast; of payba,ck t;lme.-

-facilitate selection of md1v1dua1 items, should
- . limited funds be available. = Further information
should be included as to which work could best
. be performed durmg one particular season and
work that could be performed with the bulldmg -~
'occupled or partlally oo&?upled
w
The development: of an accept;able met:hodology and
instrumentation plan to measure performance as com- L
pared to predlct;lon. If actual phystcal instrumentation

'is required,. provide individual itemized cost estimates,
- Instrumentation shOuld be planned so that readings can

be taken before’ energy savings proposals are employed.

- (Desirable instrumentation, if any, will vary among

buildings and perhaps may include nothing more than - -

’ normal fuel ‘and electric met:ers ) .

_ A(More)

“‘l‘-\ '
)



zone,

‘(Figure 1“2'_continued)

‘ "In-carryi_ng’Out this study, the con‘sultant shall consider the
-ideas in existing guideline documents for energy conserva-
~ tion in existing buildings. . Energy conservation concepts.

1nc1ud1ng, but not limited to, the followmg sha11 be priori-

) _tized and con51dered for each bu11d1ng

Modify current bu11d1ng operatlons and occupancy schedules. I

Reduce heat gains and heat losses through the bu11d1ng '

- envelope.

Eliminate SImultaneous heat1ng and coohng of a room or

 When loads are reduced modify coohng and heating systems

to operate without waste of energy..

-

Modify systems to operate at greater eff1c1ency.

Cool or heatfvith outs1de air whenever advantageous.

e N
Utilize heat recovery systems whenever advantageous. .

Reduce use of new energy for humidlficatlon and dehumidification,.-

| , ‘_Shed loads for peak demand periods and consider off-peak S

energy ‘storage.

.Match equipment power to actua1 loading

Reduce energ utilized for art1ficia1 i11um1natlon. o |

' Utihze h1gh efficiency 1ight sources.

Utihze inter}or finishes which absorb less ll,ght

Utilize more highly ﬂemble manual and;;automatic swit:ching' o

of energy consuming systems (1ight smtches, thermostats)

""‘Take advantage of natural 11ghting.

: ‘Use thermostats with larger deadbands (allow greater
co temperature swing). :

-35-
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/ S
| energy adv1sory group with sufflclent technical expertlse W1ll be ut111zed to
select-one or more firms for contract negotlatlon. Evaluatlon criteria such

as those 1n Flgure 13 may be used to assist in thls process. :

(

o Detailed Negotiation with Consulting Firm and Contract Authorization

- Using the final work statement a contract is developed and clar1f1ed

Fee proposals and levels-of service are discussed and agreed upon. For
planning purposes, a ]urlsd1ct1cm may est1mate a consultant's fee for the
survey and engineering analysis as beginning at about $.07 per square foot
of floor space. Several owners have incurred engineering costs in.the range
of $ 10 to $. 15 per square foot. This data however, is from a small number: B
of past retrofit projects for office occupan!es and is meant only” tobe illus-

- trative, It should not be used to develop premse ‘estimates of- fees since they*
will depend mainly on engineering man-hours ‘Which., 1n turn relate ch1eﬂy to .
building complexity, the extent of analysis wh1ch w1ll be de51rable, and the

°

K nu?mber of bulldlngs to be surveyed.. - A R

A 51tuatlon may ex1st.whereby a cand1date constﬁlting 6 rm‘may offer to
‘link its fee in some fashion to energy sav1ngS\receiv

*the ]urlsdlctlon
(if allowed by local procurement regulations), WhlIe this.may appear to be
- an attractive offer, it requires careful. evaluation of Tésults to assure fairness"”

4 .and to avoid legal problems, Base year ‘consumption,. prices, and a payback . '.

perlod agalnst which to measure energy savmgs and appropriate fee bases

" mugt be agreed’ upon. - If, for ‘example, the following year is used to evaluate -

results and the Jurlsd1ctlon has not. completed retrofit modifications, or if
weather conditions are unusually severe, then the consultant would be unfairly
penahkd Because the consultant's fee ig sub]ect to risk, jurisdictions should
assume that the final fee on the average_wdlclge h1gher than if the consultant

" was not in a risk situation. ‘Also the jurisdiction should consult legal counsel
‘if a fee structure of this typeis cons1dered espemally if state or Federal
money w1}l be involved. Several des1gn profess1onals ‘reviewing thls document
* do not approve of this form of fee ba51s on ethical grounds, It has, however,
been used - - : o

‘o

‘On 8ite Survey and Data Collection

- In conjunction with building operations staff of -the ]urlsdlctlo/n\:6 the
consultant’ will conduct a thorough on-site survey of each building and will -

rev1ew available drawmgs. Bu11d1ng operatmg procedures should be discussed. '

v s

Y ’—.3-6‘_'_..
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o I Figure 13

SAMPLE EVALUATION CRITERIA FOR BUILDING SURV_EY AND

-

. ENGINE ERING ANALYSIS C8NSULTANT

_ . 1~ Review of references and experience of the firm or joint _
« .2 . . venture and the particular project team in successfully
- . % conducting similar projects. Ability- to perceive jurisdic-
e tion's goals and approach, N -

- and manuals for energy conservatlon analys1s°

Buildlng management experience, partlcularly experlence
in cost ocontrol and testing for heating, ventilating, air
cond1tloning, _electr.ical and control systems. .
oF [
.;._-Engineerlng deslgn experlence, partlcularly in conceptual
"des gn,'/comparlson of alternat1ve systems, and cost
' '-.-.e'stimatlng. ’ - :

i 51 Architectural programming experience espe01ally regardlng '

_user needs for space utihzatlon and comfort requirements.
h

6 Experie?\ce\w1th and ab111ty to use varlous analytlcal and ,
7 ‘computer techniques for modeling and studying energy use
within the bulldlng :

’ ST Abilfty to evaluate energy savings and energy cost” savings
- o - over several years for alternative energy conservation
o approaches including architectural, electrical, heating,
: ventilating, air conditloning, control systems and lightlng,

-8 . Cost’ estimatlng ability for repair and alterations work in

‘ ; similar types of' facllitles. _

T statements. o

. R : o (More) |

9 Experience in developing architectural and englneering work'

3 Famiharlty with and avallablllty of existing. documents, aa, o




. SO 10" ”::.Adequacy of- f1rm to prov1de sufﬁclent experlenced technical
R - and support personnel for the project. :

P REER 5! ' .'Acceptable perfonmance permd for completing the SUrvey o
’ - o and englneermg analys1s. o _ S

‘

- in detail and progress already made in. "qu1ck ﬁ.k" savmgs should be rev1ewed
e Addltlonal low cost changes should be 1dent1ﬁed Measurements taken as part

D f1nd1ngs with admmlstratlon officials, « o : _ ' . a:-" _ ‘*«
: , . : Y
.

Detalled Englneermg Analysls

Wl:nle use should not be mandatory, computer programs gi' .' 2 4
,of en.ergy ﬂows may be employed by the consultant to prowde _' \

more computer programs. becomes desirable to gain accuracy. "Ln\' tud ﬁgx. _'
. many 1nteract1ng patterns of energy flow. ‘ ‘For instance, reducl‘ng"‘l gh sfi Xt
'wattage has the d1rect effect of reduc1ng electr1cal energy use. ada

lighting system. Further, once the substantial amount of building-1 Y
"data'is fed into'a computer, many building retrofit options can be eva de " 'f*' '
including the1r interaction--with relative ease, thereby reducing eng‘lheerlng" o
manpower requlrements. : '

i

Aruitoxt provided by Eic:
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ot Several computer programs are available for use in the engmeermg
' analysis. ‘Appendix 8 lists a number of the programs which now exist, Many
. consulting firms that do this type of work have their own programs Wken
the group performing the study selects a program, care must be exercised -
to assure that all promising retrofit possibilities caf be analyzed, including . o
concerns for variations in the heating, ventilation, and air conditlomng. syBtems
.guch as dew point reheat and set point control, dual duct, multi-zone, demand
‘ l&&h‘ymdity overdriveland variable volume systems. Lighting, weather- data, '
ation, 'configiiration, building orientation and numerous other factors '
-must be included for the analysis to be effective. ' '
° »
For smaller and less. complex public fac111t1es the ]urisdiction may
" choose to reduce its study costs by foregoing thé extensive computer analysis 7
v descmbed above. While manual estimates may not be as accurate; the absolute -
"amou):\t of potential energy sav1lngs in a small faCllll (though not necessarily
the proportlonate size of energy savings) will-not be A8 slgmficant nor will -
"._ construction -casts for. retrofit modifications. In th1s situation, approx1mate
calculatlon procedures mentioned in Appendix 3 may be of ass1stance to the

]urisdictlon. S )

T Imﬂl‘ementation

3

N ll)ex.relopme'ntA,‘ofi"."é:":.Work_able Plan f

'_ tlon. a wérkable scliedulp N
‘ by the jurisdiction' enh M
cost options shoul;i X1

g a@q_uently this is prepared
Jperfitional changes and low.
faft.@sidoon as possible, In fact, _
_ 'Y als;le L ‘@ étantlal portion of the retro-
fit work. itself One jurisdiction m d i higving firemen perform some
HBther portion of the spec1f1ed
" work can be sent directly th construc' : ,‘&dfractors for bids. ' Some options, -
however, - may require further detailed a?rchitectural and engineering’ design
development before construction can begin. The implementation plan for each
jurisdiction will be. uniﬁue. Before a final decision is made to go ahead, the
o plan should be well outlined defining Who is to do what how ‘much their share
_of the work will cost; how long it will take, and how* the work is to be integrated
W1th existing building operations. :

RY
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. Presentation of Results ahd Reco‘mmendati‘(.)"tTé_‘“

_ Flgure 14 1s a sample format for the engineering. study team to present
'study results to ma.nagement that has been used on several past projects. - It
-allows management to quickly compare retrofit-alternatives for energy sav1ngs
cost for reahzatlon and payback period, Each of- three criteria; savings,
j constructlon cost, and: payback is 1mportant in an 1mp1ementat10n declslon.

‘ Payback penod cnterla alone, .may not be sufflclent to ‘make de“cwlons. N
I, for example, certain retrofit optlons can produce major energy sav1ngs '
" but have somewhat.less than-a de81rable payback period, perhaps management
should con81der their 1mp1eme'htat10n anyway. Similarly,, a ret‘roflt option -
with a. very hlghoconstructlon cost but acceptable payback may- be by-passed
- in favor ‘of a comﬁinatlon of several low cost but slower payback options, ° N
‘ Overall the 1u1f§ ctlon will seek to gain the max1mum energy ‘savmgs
posmble ‘within ava11ab1e f1nanc1a1 resources. g R

'. - LA

AR COREIEny o \ o

X R N S . .‘ . B !:?3;’ ».‘l“"v. “.I.:*‘:.w; 4 \"‘ _. *ﬁ’
1 Addltlonal Zone Controls 43,291 1,429 2,000 14
2 Automatcharm-Uprcle © 173,752 5,734 -.1,539 3.
; (Optlmufn Start)” o o o :
_[3.'.scheduIGSuppIy Aerempera- '862.'2_75 28,455 20,300 7.
. turevs. 0.A,T.and Set:~ PR SR | o
- Minimum £ Alrto 10% - T
4 .'nghtSetBackt055F | 187,753 | 6,196 = -
: 5'T,EnthalpyControIs ;; . - 27,080 893 | 3,160 3.6 -
1r‘a\ooub|eelazlng' 2 244,309 8,602 | 63,000 7.9
7 158,000 5214 - | 2000 | .4
|- esees | 227 | - —
107,000 -| . 3,531 7,600 2.2
4
" 184,392

Flgure14

Sample Format fopEnglneerlng Arfa}ysls Besults e .




IMPLEMENTATION "~ * - : @ o
' (Phase III) - o ' ‘

E Once the ]urlsdiction has- performed a thorough analysns of energy
conservation options in its existing buildings, ‘the actual 1mp1ementation of
retrofit is straightforward. - Genérally, modifications will involve standard

materlals readlly avallable equipment and standard contractmg procedures.

Implementaeion tasks normally fall W1th1n a few categorles
5N e .

P

" Low cost modifications

" Low.cost modifications identified during the initial energy consump-
~ tion study and subsequent engineering- analysis phases may be
" implémented- immediately, frequently by in-house staff. Examples
include weather stripping, adjustment of thermostats and revised
'procedures for equipment operation. -Some low. cost options, such
as a.boiler tune up, may require a spemalty contractor. o L

\

'Work' that can be sent directly to construction contrachs :

. Another category of work involves construction or-alteration _
- which, because of its cost and labor equlpment will:be performed
by outside” construction contractors. Standard coptracting pro-
‘ cedures of the jurisdiction normally will be used for specified
’\' work’ 1nc1ud1ng public notice, formal competitive bidding, award
. based on {owest responsible flxed pricey and use of routine ,
" comnstruction contracts. Either ‘staff of the jurisdiction or its -
engineering consultant w111 be asslgned to monltor this construc—
tion act1v1ty. ' *

R ) . Ny { ' : x\/
- Work where d'etailed design is required LT

Depending on contractual arrangements made if an e (\Pgineermg‘
.consultant was employed for Phase II, -some retrofit modifications.
.may require further architectural or engineermg design. One

-41 -
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Aruitoxt provided by Eic:

staff ora local englneermg and archltectural flrm
- If-a f1rm is engaged to prepare flnal drawmgs anc23pé01f1catlons, . . :
then standard ‘evaluation, selection, and A/ E conftract procedures ol
“of the jurisdittion usually will be emplbyed The firm preparmg :
the* f1na1 detailed design often will: assist the jurisdiction in . . ‘
preparatlon of contractor: b1d packages and in momtormg work
. accomphshment and schedules._ o
__\_ N e
v | T
- ';;'. ' ._ oy - r . > ' A a . .
e - \
- 3 , g »
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' :.._';..";—MONITORING .
| (Phase 1v)

R

Gon‘tinued monitoring of énergy use in buildings for a year or more is.
~an essential portion of a phased management approach to retrofit The exact
, procedu‘res for momtoring may vary.conmderably--from simp - tral '

1 Measurmg the 'ei’fectiveness of retrofit modifications by
# - comparing fuel consumption a.fter 1mpleme'ntation thh

oo base year data . :

| 2 Monifﬁ)ring buildings in which initial setrofit has been =~
"~ done,; to he_lrp‘_‘determine whetlier retrofit should be

B initiated on’ : milar buildings in later y ars.

3 . Maintaimng records in the event that major unfobeseep
~~ changes in fuel supplies and costs occur, such as com,
, plete curtailment bf a particular fuel; or in the event ‘4! .
~ ~that a major new;energy conservation option (such ”a§
Bolar) becomes:rnore desirable due to technological
‘or economic change. T e S
4 Continuing a vigilant watch on fuel use to asgure that
' ~ “old habits of energ aste do-not return and that main- -
tenance programs ar orking. - Monitoring canbea
‘major means to achieve accountability in energy use, . L e
‘to. reward users who seriously strive for' conservation, ' '
and to identify wasteful energy ‘users, - . - -‘

‘.l

5 - _*In the event that the jurisdiction selects a consultant
" who proposes a fee based on performance (a given _ _ :
~ . amount of energy reduction), monitoring willbe =~ - "~ .,

' ,necezssary to determine the appropriate final fee. S




=N

L ; anbecome difflcult at tlmes - Voo
cha.‘raeteristlcs of the buildlng inay have changed from the- consumptwn,_ ase S
yéar establtshed by managem ent. "Qulck fix'" conservation meastre ':may
liave been implemented, and equally important, occupant use of" fhe buildmg

may have changed. Given this sltuatlon, management must declde 1f mon1tored o

RIS A further comp11catlon develops 1f fac11ity use has changed or: 1f
; Bl mék fix" conservation measures are unplemented during the retroflt : :

process“ It becomes d1ff1cult to separate the effects of th;e changes occurrlng

s‘im ?'ltaneously‘_, e R : A .

_ : 1-specifit etroflt measures, Wthh may have
..been 1mplemented durrhg the retrofit p{rog‘ram. W1thoi €labo

see if it is operatlng properly? hEven':if COnservatlve ’englneerlng analy51
is employed this s1tuation may develop sinde ngineering procedures fo
retmofil‘in‘_some cases are 'still very rough.a ap] roximate. Lo -

T Se.me Jurisdictions have obtamed som'e orm of contractual guarant
from-their archltectural/englneerlng consultant to ‘cover this sutuation. .-

& . 'In some way the consultant's fee is linked to energy savings réalized by . . {1 °
' ' "implementatlon. As pointed out. earlier this approach has certain ;;lrawbacks, L
e one being possuble ‘conflict with the Jurlsdlction ] archltect/engineer procure- =
. ' . ment regulations. Another drawback is. the probability of a higher fee to o
SN cover the rls.k assuined by thp consultant CEELAL Lo

- assure that estimated and. actual energy savings results compare favorably a
- . is, to Select a competent eng\neermg and azrchitectural study -group in the first s
" I place for Phase II analysis. A competent g'roup, whether in-house staffor  °
S © Gutside consultagts,‘ wxil be able to use experienced judgement 1 assure that
S estimates are; conservative and also ¢an indicate to management the specific
R state-Qf-the-*art estimating procedures used which may have a consider '




E : establlshed emerg;ency procedures for energy reduction during ‘ik e
'* and more. receﬁﬁy during natural gas shortages. When top managemdv_’
: ,contlnued to emphaslzzxe ene}'gy'conservatlon, these emergency}me,sures sti
. ;,__produce good results, frequently W1th savings of from 10% ‘to 30‘7 in _"energ“'

, In seeking to assess the status of long-term buildmg retrofit efforts B
S W1thin state and local governments, PTI ‘has been inﬁmately 1nvolved in -

i¥: has pursued ‘aumerous. leads to Jurlsdlctlons 1nterested it energy conser-v .
v’ation. Whlle the results Whlch follow a,re*net‘comprehenswe, we beheve v

‘i : effort ' ‘Several]urtsdlctlons have ploneered 'the field and expect td,reCelve e |
, slgmficant annual energy savings through their: efforts. : More ]urisdictions e
£ "."now_ 'eriously oonsidermg retroflt. , Many have created e1ther formal *
5 pr. adl_,. oc energy committees. Several have performed energy consumption
stud1es and: have’ conducted detalled engineerlng studles.. Relatlvely few -
s
have yet reached the point of 1mplementation. Energy savings prOJectlens o
~which have been jdentlfied through englheefing studles appear to be con51s- ol

tently promismg. " LN e Ty s o0

"n-.' Sl e " S -

A Thesretroflt efforts 1 ntifledr by PTI generally appear to have followed SRR

the phased approach discuSsed in th1s manual. Most ]urlsdlctions have - . e

_'_\-: fOCUsed initially on,a. few of their most energy inefficient bulldlngs and have SR
sought payback’periods of between oné and“geven yea.rs. Buildmgs bemg S

" eonsidéred for retrofit are not: always ‘old;’ At least one Jurisdiction is-

'especially conoerned abouba new building wvhich has not yet been occupled

4 . )
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" Several jurisdictions have pmceedéd drectly from the ene‘rgy cons'ur'np- o

tion Bt:udy to implementation without first conducting a thorough englneering
survey of a wide range"pf potential conservatlon approaches.’ These juris-

“dictions, it'appears, will"save energy, Based on its experience, however,

PTI believes that it may be unwise to- bj’pass the. englneéring and archltectural

analysls as thfs may lead to. sub-optlmal results._ o

AR

Cases of reﬁrofit identlfied by Pubhc Technologl, Inc, show uc}ﬁ"‘re

i variation. Acceptable payback period, percent energy savings and n,anclal
" “commitment to retrdfit are the three most signlﬁcant varlables. ,thure 15
.?,is intended to 111ustrate this: sltuation. Each retroflt case for whlch data.
.;-;-.,-could be obtgined is shown on the graph for two characterlstlcs percent of
"'-energy cost savings (estimated or actual) and cost of - implementation per .

square foot in dollars (estimated or actual) Figure 16 supports this graph
with tabular data. Overall, the examples range from very low cost and

" quick payback efforts to projects with costs of $0. 90 per square foot and o
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energy cost savmgs of elghty percent . b
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- $0, 90 per square foot—-generally yield con81derably‘ larger, energy savings

,' Some'Examples of Successful R'etrofit'.,.' B

. __Fuel cost savings 1dent1f1ed* 19, 3% qr $105 047

! \v . . . . . ) . . " . o ) R
Figure 15 tends to confirm the estimates of energy sav1ngs versus -

retrofit costs provided earlier. First, for low cost retrofit (below $0.15 -
. per square foot) numereous juri; sdictions have received signi"ficant savings
T of from one percent to slightly under 25 percent in energy costs, Greater

eXpenditures appear to have provided - greater energy savmgs.
Retrofit efforts with higher capital expenditure—-between $0 30 and

than do low cost efforts. Here the savings range from eight percent to-
nearly 80 percent.. Most cases ‘appear. to fall between 15 percent and 40

percent in energy cost savings.

[

Two points of clarlfication are necessary for the data (;ontained in
Figures 15 and 16. " First, the costs for englneering analysis are not 1ncluded

“in the implementation costs cited. - Second several of the facilities achieved -

additional energy savings beyond those: indicated from low- cost energy
conservation alternatives 1mplementedtbefore the retrofit program began.

oy

PSR

) Commonwealth of. Massachusetts. _The Commonwealth of Massachusetts '

- owns and operates more than 4,000 buildings statewmle. Between 1971 and .-
_1975 energy ratES nearly trlpled making energy conservation most 1mportant

‘

E In Apnl 1975 the Commonwealth began to develop an energy conservation : '

,'pnogram and workable strategles for achievmg near term energy sav1ngs 1n
,state buildings. A phased program was developed and tested R T

' One hundred and twenty one buildings on 21 sites were selected as a

”cross section of functions and ‘locations. C(‘)mparlsons of data in Phase I,

the Energy Consumption Study 1dent1f1ed candidates ‘for Phase II Analy81s
and Phase III Implementation in this study. u = .

i .
i o
e . .
' o : . o L

1

Electnc@y cost savmgs identified 37 1% or $173 632
_Overall dollar sav1ngs - 27 3% or\§’278 679 BN SRR
; '.'Q‘ o SN
' o e | "voff _ 5
o - = 48 - ) o ‘ ’
P co -
e C - 5 .; !_ - T ! LA
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_ bu11d1ngs account for about 70% of the energy budget

P I

Greenfleld Commun1ty College Complex - .

'Implementatlon cost (est ) - $108 299 (payback of 1.6 yrs )

“ @ .

Bunker Hlll Communlty College Complex -

a

* Fossil fuel savinggldentlfled - oil cost reductlon = $33 330/yr. -
© . or 47% in equiva'ent oil consumptlon R .

‘.

;Electricity savings identiﬁed -.'$34, 904/yr.

Electmmty savmgs 1dent1ﬁed $69 134/yr. or,32% | - L | o

o ..

\, E .Implem'entation cost_=_, $90‘, 564 (payback 1.3 yrs.) _

©

'Worcester State Hospltal Coilex
. e . 4\ . ”
- Fossil fuel cost savmgs 1dent1fied - oil= $71 717/yr or 15, 5%

‘ Electrlmty cost: savmgs 1dent1fwad $69 594/yr. or 62, 'Z%

. (Savmgs pr1mar11y from rehab111tat10n of turbo generator system)

- Overall payback 3. 0 ye‘ars o : o
(Without power generation, 011 sav'mgs 1s 20 4% a.nd electr1c1ty
reductlon is. 2 7%) . : :

- ’. Lo . . o . o .. . R )

Fnom the Energy Consumptlon Study of lllZI Commonwealth bulldlngs, a

. significant number emerged as cand1de(€es for Phase I and 111 work, The a_

. - study indicated that practical app11cat10n of the phased process to rema1n1ng
 state bu11d1ngs has potent1al for add1t10nal savmgs. , C

West Hartford Connectlcut The town of West Hartford Connectlcut

. owns,- operates-and ma1nta1ns approx1mately 25 major administrative and .
' school bu11d1ngs From 1973 to 1975 the energy costs increasell 92% while

low cost conservation measures reduced consumption by 29%. Petroleum
fuels generate about 70% of the BTU's consumed by the town and pubhc -

To determlne the 1mpact of current techn1cal conservatlon measures ‘

on its energy consumption, the town formed a Cltlzens Energy Comm1ttee

 to coordinate its phased energy program and report to the Town Council.
. An Energy Consumptlon Study (Phase I) was performed for 21 bulldlngs

L




- sav1ngs ratlos were selected for Phase 11 and III work ‘ S _

T the U S. ,Conference of Mayors. -

.

: West Hartford decided to place major emphas1s on mechan1cal sys ems
as opposed to structural modifications, as there seemed to be lower cost

. modifications avallable in this area. . The ten bu11d1ngs,,n,thlLthe h1ghest cost-- f.h—u—»;'—v-

I.mpact_(Using 1‘97'4. -ba'se year for_cost'S)

'Heatlng oil. sav1ngs 1dent1f1ed $82 649/year

L oRA

Electmcity savings 1dentif1ed $7, 886/year saV1ngs
o pmmamly fnom bmldlng mod1f1catlons) '

.
R

imCost of program a.nd 1mplementat1on of modlﬁcatlons - Lo
o 224,011 /.z-,-.a;, »

' ,Overall payback 2 5 years (from energy savmgs)
(Expected completlon ofmplementatlon March 1977
'comprehens1ve mon1tor1ng for one (1) year) -

- n

' _Follow—up Because the conservatlon program was successful
‘the town has determlned to 1n1t1ate retrofit 1n several other.
fac111t1es. . _ o :

—~

Suffolk County, New York , comm1ssloned a study of s1x county. bu11d1ngs, e

to 1dent1fy low-=cost energy saving measures with short payback perlods. The

study found that fuel consun})tlon in-the six buildings dould be reduced by

47% through such measures as: rehab111tat1ng existing time clocks and controls,~ - g

_1nsta111ng new contfols to provide automatic- shut down of heating, ,vent11at1ng .
- and air. conditioning. (HVAC) systems; reducmg the hours .and level of operatlon

of HVAC. ‘systems; and lower1ng 11ght1ng levels., The cost of 1mplementatlon

- was $47, 800, with an est1mated saV1ngs of $57 025 a year amount1ng to a

payback tlme of 10 months. S

3

The case study examples for Suffolk County, New York Nassau County, _

o New York Mecklenburg County; North Carolina; Los Angeles County,’
o Callforn1a° and Lake Charles, Louisiana, were repmnted from: A Guide to -
~Reduc1ng . ... Energy Use Budget Costs, Prepared by the Energy Projects -

of the National ‘Association of Count1es the National League of Cltles and

{”



.Mecklenburg County, North Carolina, has initiated a vigorous,,energy
conservation pnogram in county buildings. After’ conductlng an energy aud1t
. the Eng1neering Department suggested a number of energy conservation .- -
- measurés, computing their cost, their energy saving potential and the esti-
. mated payback t1me.. The Englneerlng Dgpartment identified 37 no-cost '
-changes and 36 measures involving a comblned total cost of. about $50 806
e w“AThe estlmated cost savmg durlng the ﬁrst year was $50; 7 0

r .3.

goVernment's energy consumptlon., Among the f1nd1ngs
study were: L

:The c1ty could adhieve a 17, 5% reductlon in fuel used
for cooling by reduc1ng air cond1tlon1ng by 11/2
hours' da11y in an 8- hour dé.y : :

The c'ity cOuld save 20% of the energy be1ng used to heat . _
,_'water in one. mun1c1pa1 building by heating incoming 60 F - ' 7
water to a tap temperature of 130. F 1nstead of 150 F '
| "The cl,ty could effect a 5% e1ectr1c1ty savmg for’ each _
' degree the thermostat is set back in winter and a 3% B
saving for each degree set’ up in summer -
E Nassau County, New York,. estabhshed a county-mde bu11d1ng energy:
- audit.’ ‘By correcting conditions uncovered by the audif (primarily unnecessary
11ght1ng) thegcounty reduced energy use by 23%, sakin $1 5 mllhon.4 o

Los Angeles County, Cailforma, est1mates that the computy ized R
bulldlhg management system installed 1n, its: county gourthouse has b itself
: reduCed energy consumption 25%. By comb1n1ng the ‘computers with t1me '
_ .cIocks, the county has reduced energy use by more than 50%. S ' S E '
o Sloux C1ty, Iowa, 1nspected 81x mun1c1pa1 bu11d1ngs ona central system. = ..
. and jnitiated actual energy conservation efforts on three of them (Auditorium,
G’&tg Hally Munlclpal Bmldlpg)-,\;jl’he low cost modifications 1mp1emented were -
- installation of steam traps thermostats; and other control’ deV1ces to reduce

\_\energyuse./,. T T I v o

‘.’..,,-_-,i—:&i.ﬂ o

o | S’ o B o . o . . .. : ‘ ...' . _
e Aud1tor1um $12 000 spent sav1ngs $1, 500/y19 76) R A
- 30%, payback est1mate g years T

) ( N

T, . ~ .
- .



. ‘Clty Hall - $1 200 spent savmgs $700/yr. = 5%,
' payback 1 7 years -

Municlpal Bulldmg $800 spent savmgs $800/yr. g o
"payback 1 year

: Further study of cost-effectwe measures 1s uqderway. '

& R ;(natural gas and coal produced)
- surveyed and general levels were"-redu'c\eii _fprfs pu’b_lic bgildin‘g’

T

city departmental cooperatlon and- perlodw meetmgs on efforts an._, reShlts ;

‘ 'made.

L Program in’ operatlon one yea.r .' '

_ »Savmgs - Electrlclty 17 6% a ye- , ga .
‘L ' SR for degree days) 24, 9% N

e .Payback -_nb'lie.required

.o-852-




Utilizing the facilities of Texas A&M University, Pueblo is conductlng a
‘comprehensive energy survey and analysis of the City Hall. A computer
simulation for modiﬁcation options aad beneﬁts_ will be run.

Kettering, Ohio, completed a comprehenswe netroflt evaluatlon and
modiﬁcation program after its natural gas crisis began in 1972, Fiftéen - _
-city buildings were surveyed, all in-place systems were analyzed and . e
potential retrofit modifications were va"[ue.engineered Recovery of Waste S
'- energy wag made a p mary concern., L '

3 '.

o S ‘Program has been in _éf__iect si'nce"19-73_‘ )

N Pasadena, Califorma, has deslgnated an active energy coordinator in
each publw department to audit lighting, appliance and natural gas useby - .
 that. umt-,.. ‘Delamping and curtailmg use of appliances has netted 20% to’ 25%
oyerall energy sav1ngs. -

“Po ice .Der{artme' tn
sas) $1s 000/yr:

consump'h ! ”ty Hall, schools and other public buildings. Worcester
J\ﬁi‘as"délampg an ‘m:t’ned down the heat to -earn an FEA Award for City Hall
\ r§d saye sigﬁiﬁca;n '

‘

PArurext provided EEE . o * L oo B RS
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o.cr— City Hall energy savings.:-30% electr1c1ty FEA Award) -

ngh Pomt °N‘£m€h Carolma, in qg effort to. reduce energy cpnsumptmn T o
At Clty Hall, the city.embarked ‘upon atprogram of lighting- cut—backd.g‘ turnlng

off. HVAC system fans and compressors at.night, and weather- stnppmg
: wmdows. ‘Time clocks were put on fans and domestic»‘hot water was

-e11m1nated ent1rely. Ventlla’clon was reduced " - o o
\ 3 AL . SN FE : ‘ -
- _,,,_,,_'_.____,,-_,,Implementations,B_months' SR SR _r_>‘
_ ) . L R .‘.,.‘,‘.‘. . s i
f‘ Implementatlon costs = severaL hundred dollars O "f-'
- ! . "-'-i' . N AP
_ ‘ L Energy savmgs = 30 35% year round W1th bgst _ o
S e savmgs in’ spnng and: fall e e

_ Akron2 Ohlo, the natural gas shortage and the rap1d r1se in cost of
“natural gas and electr1c1ty have motlvated Cxty Management to. focus us on’ .
o1+ reducing heatmg and cooling- energy opsumptlon in C1ty bulldlngs. A model
hrof heating’ and cooling systems foy ¢ __‘_buxldmg was_-tested with a computer
K 'simulatlon_-_'to.:_ gain consumptioly éstimates for gas’ ind 'leotnclty with an
C acouracy..of 98 3% and 91, S%lrespectwely. : \

Potentlal annual natural gas savlngs = 36 3% ke o "

ENT o Potentlal annual electr1c1ty savmgs = 40% oo - P _ !

. Albuquelge, New Mexlco, in an effort to improve. the present andM'
future perfor@ance of its Main Library B\.Illdlllg, identified mod1ficatlons o
to its lighting l3’§y§tem, operational changes for 1ts mechanlcal systems and AR
' ulnstallatlon of an. energy management system. - : .

“Potential annusl electricity cost _sa"vings,=-'29%

N For Albuquerque s Erns Ferg'usen lerary, a ohange in the blllmg status
" with the electrical utility and operatlonal changes for the HVAC system
_have been 1dent1f1ed : .

H




3¢ .. Potential energy cost_savix?gs =11.5% - . - o Y
L T . o - :’ ’ ‘- . . ™. e ot .,A,._;,,,._.-___.,:f.... —— .,__;___ ! ' i
Prohlems in Retrofit = -
As shown in the case stud1es, retrofit of public bulldlngs for energy 'f',;j_,' C

conservatlon works. It has consistently produced slgnlficant energy con- -
T sumption savmgs with rapid payback and cont1nu1ng annual savings., A
O »retroﬁt actlvity, however, W1ll run 1nto problems Wl,th g fair share of head- -

. ‘They 1llustrate quite well
3 _ It may be noted that the __
omments which follow wére'm hy-. the eroject Manager of one of the most:
ffective local government retro 'fforts'now being conducted one which. ...
‘already has experlenced major en__ .gy sav1ngs. The comments were wrltten .
late on a Friday affternoon. A S :
L Steam System. After the ﬁrst phase of WOrk on the steam system was. '
completed the system was“found to be functlonmg improperly, New,specs . .
were drawn ‘up;. ‘and added to ‘the original contract. bounml failed to approve . = * ,
ST the extenslon at the first and second meetings and the issue was tabled. it o
: \\ _.'was finally approved later, but resulted in a loss of approx1mately three .~ - -
s ‘weeks of schedule, The system is now functioning properly. "All offices now.' A
. are ableto control their own heat..; A small amount of steam is still blowmg S
~ down but 1t is in the process of be1ng traced : 4

s LA word of adv1ce. Modlflcatlons to old systems can be the ba81s for '
o lo. s1n‘g some sleep. . Proceed W1th¢cautlon--what mlght seem obv1ous and
C loglcal--sometlmes -is not . : :
o nght Controller. The automat1c llght controller equlpment was ﬁnally
o 1nstalled in the ‘8hop facility. - ‘Prior to 1nstallatlon, elapSed time meters were
' .:connected to the circuits to determine their use pattern. . During this .
 period it was ascertalned that the llghts. were left on 24 hours per day, seven
- (7) days per week. - The controller was. activated and in the first 17 days SR
.. of operation the lights have been used, only 16 hours total. Pro]ected over o
" the-year the sav1ngs will be $3, 000 for: th1§ building. . The COJ roller cost :
.. only $636. The most reward1ng part of th1s projeet 1s tlhat 'ng dy misses -
- thelights, :, . e L RO S e
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- the augomatic door closer suppller flnally delivered the required materials -

8 tember, ‘The first door was modxﬁed with help from our contractor. Shop o 5l

*
A

Aut6matic Door Closer., After much harrassment, 'pulllng,'yelling; etc c

at thé end of January. The initial purchase order had been submitted in = =%

personnel areostlll not ‘convinced it's a good 1dea, but they are learnmg to .
live with it. Prog'ress is slow ior subsequent 1nstallat10ns. . Clty personnel L L

year the 'occupants wore sweaters and coats to éombat ’the 1nf11tratlon losses. ' .

Thig year, even with temperature extremes ~the, normal- attlre is short sleeves.

. The thermostats and control valves in this bulldmg are moperatlve” whlch : t
results in. the overheatlng { : PR T ' =
Delamping. We tmed gomg around dunng the day pulllng out?‘ unnecessary
llghts. - The protest was _unbellevable. Fxnally, we gave up and mstead pulled
out the’ llghts after everyo___ e had gone home, 6 far, 1 Have‘had' only one -
complaint. Most people still do not appear tp have notlced that anythmg has :
changed B 4 [N
"*‘: ) - . . Q., ! t e
v J:‘ »Q‘ .,; % 9 , 2 ]
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. steps suggested by :the Federal: Energy Administration fo . achieving immediate

- - energy savings in existing buildings without significaht cost. 'I‘he U, S, s
"~ General Services Administration which ‘operates more than 10,000 buildings
'has used steps such as these over'a two-year period to’ save 30% of. annual

) developed by the Commonwealth of Massachusetts to assist local governments' .

Don;ueglgc_;the "Quigle e
By now most gOVernmmt Jurisdiqtions have taken at least some steps - L :
toward eriergy conservation in existing. buildingsu FigurQ 17 zoutlines a set: of !

nergy use in its existing bu,udings.";- TT has found’ tha,t numerous éther -

‘building owners in the private sectof and _state' and local government have r .'-j_ SR
__,achieved comparable results T IR S S T S

s ) \\-:.. p . o
i 4 »

S Many check lists are vailable for con'_.. dering low-cost high-return

‘ conservation options. . Seve 1 of these are, referenced in these Appendices.

The most comprehensiVe and; “nalytic of the doc ~"'ents reviewed by P’L‘I was
produced for the Federal Ene Al Administration Guidelines for Savin ing -
Energy in Existing Structures: BMI&nLOmers ‘and'Operators Manual- (EC Mll

. provides not only very detailed check lists of quick~fix ideas; but explains- the NS O
~* why-and. how of each. Importantly,- ECM1 provides clear-cut: analytic proce=:’ ‘
... dures for estimating how much energy~each idea can save in any building, and

:* . how much (if anything) it will cost to make the‘change. :

. highly recommended and is available as. indicated in the bibliography. e

.This" document is

. Another manual emphasizmg low-cost conservation options has been

in that state to achieve energy conservation.® The book, Energy. Management

' in'Municipal Buildings includes a’check list of low-cost retrofit options and: - - e

C L guidance on performing a walk-through building survey, Several case studies
‘are 1ncluded The' manual is avai]able as described in the bibliography. SR
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- ; ..Fig&r’éﬂiz.e. . : s

T _'j'"r*""f’—*’,- ‘TEN STEPS—-FOR_IMVIEDLATEMERGY SAVINGS ,_- ______ I S
. &. L .u' : ) ’ ) . v o ’.

- Walk through your. building. Are there areas that are unoccupied or e,

which can beé vacated by nmkmgbeuer use-of-the remaining areas? I so, e

turn off air co‘nditioning, lights, ventilation and heating. (Where freezing
Cig not a. hazard) permanently. Isolate these areas from other spaces by A
S doors, walls, or other means. If 10% or 15% of the building can tbe 0y
LR vacated energy savings will follow ,almost in the same proportion. e

o , ,._t ,b e .

2 Repair broken windows and leaking pipes or duets; clean filters, ?a tors, .
. lght bulbs and ﬂxtures caulk leaks'around do(?rs, windows, louvl&rs d ‘“
t)penings. In'many cases 5% to 15% energy- saxings are .possible, espe-~ o 4;,
+ elally in cold climates where-infiltration of cold:air incredseg the heating S
load and causes your heating system to operate longer hours.,

. . ,' .
" . . L . R
y . ‘ & . . . . -

B : 3, Shut off lights whte_re not needed Post colored signs alongside the gwitch

: to remind the o upants to do so. o A _ o S

R Lower thermostat fto 68°F in- occupied areas during the heating season,, D
7 " -and-evenlowerin less critical areas: Lower the relative \humidity set=.. .
SR ; n%s t0.20% in the winter.. Raise. thermostats to.78°F* or. higher anthe, . . . ¢
- ‘summer if your building is- air. conditioned,: and shut off the air cond.itioner,' -
e fans and pumps at night, weekends and h lidays.. Savings of 6% to: 15% R

: energy‘.,can be realized simpl ) 'by reSetting the COntrol points. B ;_A.. LT

Repair all leaky outdoor ai da;
when the building is | unoecupie' ‘

.pers, and shut off a11 ventilation systems "1
Qutdoor air which must be ‘heated or: B

* cooled often accounts for as myéh as: 30% of:the' ‘ehergy used Inmany .o

[ buildings. More tha,mhalf ca ",,e saved by night and weekend shutdoWn

; \anﬂ_boi; er; or: furnace checked Glean soot and scale, A T
g ligirate, draft and combustion, “The heating bill, can be SR
" , ASL0% to 15% 4n” ‘many bu11dings the. colder the

] _eplace.fam s* with mofe e ient ones g1ving more lumens peramft-' K \ e
;, Ferhove, lamps in. unoccupied' spaces and’ disconnect ballasts. : Many areas
~in'the bgildfn’g reduire less illumination than ,others., ‘Reduce hghting

'Og\':

. F




» levels in less dritical areas by remov1ng lamps and discoynectingyballasts. |
~7°In schools, office buildings, and retail stores, hghting often at:counts for »

N '_up to '40% of all energy used and the heat from the lights a‘lso forms a :
o major part of the air conditioning load., The energy used. for llghting can .
" be. reduced by up to 20% to 40% in many buildings. L - L

.8 Clean your' windows to let.in more natural light You may find tlﬂt doing
. 80- will permit turning off some of the electric lights near ‘the w1ndows.
o 9. ‘ ',Set the aquasuit lower on your water heater to save energy. In schools,
‘ hospitals and housing, domestic hot water often uSes from 25%.to 40% of i
. the amount of energy required for space heating even in cold climates. /4 ‘
. . S .
. » o
"10 There are dozens of other energy conservation opportunities available .
- with little, if any capital costs required (often labor onl¥), depending upon =
the building orientation, number of windows; the roof and wall materials;
“the building location and use; and the: characteristics of the heating, v o »
: lighting and air conditioning systems. L : SR : '
' SOURCE Guidelines for Saving Energy in Existing Buildings Building Owners - N -
- and Operators Manuala (ECMl), Federal Energy Administration, -

June 1975, L
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., - APPEMDKX II*,

- /

Energr Consumption Study Data Requlremente Method #2 : " >

: } " e . 3 »
. . . . >
~. 4 B . ¢ ‘,' - s B

e : e first step in estabhshing retrofit priorities js to coTllth basic, - . .
- energy consumption data for all buildings..operated by the* jurisdiction. This =~ = ° _
v data is then compared for buildings of similar type (sehoolg, foices, garages, ., '
« .+ fire sta'tioxfs etcz), ‘One commonly used ‘method of cofpparison is {o .convert
. - all energy.consumption data. to an MBTU (theusand British Therrthl Unit) per « '
R squage foot\hpg;ﬁ figure. The resylting number, is called" the Ener

4
-~

B Utilization Idex (EUT), & alternatively the Annual Effiélency Index (A %i) -
ThlS index pro a first approgimation of relative enerw use for a gro% of =

"buildings 1rrespect1ve of the fugs they use. Hikher EUJ figures mean higher ,

v “relative energy cons tion. One note of caution, spedial factors such as &

. 'FJ" climate and differing use pqtterns, for example, more hours of gccuiancx’ e ‘
e may give an energy effitient bugging a higher EUI figure than a lesstised and 7 ¢ &

S less energy efficient building o Y &
% o &

Figure 18 provides a data collection form which may" be used fpf" the p @ '
energy consumption survey. One form is complpted for each buil#ing, A FY
Remarks and Comments section is provided on the form for use durﬁig a wiik . e
‘ through survey or-to note any special considerations or conditions that may. E
.+ affect the evaluation of the building. Figure 19,lists He engrgy conversior}, ) ol

factors needed to convert fuel amounts 1nthBTU's. T

e

R Py

The following is an’ explanation of the entries ‘on the Building« Energy ” éh
Consumption Survey, Figure 18, They are listed in the order of their e T
completlon. « . , g .

. v » ) I o : ) /)\“ ‘. ¢ )) .

o ding: Prepare the form for each building and identify the building

- : ,,by name. L : : Co r

‘Use Iyp Identify ;he general function of the building, for example .
school, fire station, garage, office, etc. co _ Lo

Expected Remaining Life- eState the approximate number of years. during
- 'which the jurisdiction will continue to use the building..” Obtain data . .
"~ from the jurisdiction s capital development plan.

. _63_ ._ . :‘. . ‘ . ) .
. s | "7] R




L - _ Year -Twelve month period for, which data has been collected Include ’
’ . '+ “the first and last months of the data collection period

TEURE SR . e M

%

S K Annual Heating/ Cooling Degree Day_ Obtain data from weather bureau,
. _ o Heating -and cooling Jegree days are the differences between 65°F and
LT R the outdoor mean daily temperature ‘added for eaoh day of the year.

— T S

3

el . Gross Area Obtain square foot data from building plans or from '
B a measurement. Use inside wall-to-wall dimensions. D
¥ ‘,_ I ’ ‘- ’ R g . A . )
T S Heated Area Include the square feet of space normally heated during
s ) _”‘» thg winter. Subtract any unheated spaces, guch as. storage rooms,
BT from gross square féet to arrive at this figux‘e. S .
¢ - L ‘ )
Cogled Area Floor area, in square feet, only of those spaces which
are. air conditioned. - Subtract area of spaces not air conditioned from

v : _' + gross square feet to arrive at this figure. - e

.

s L Normal Winter 'I'hermostat ' Identify thermostat setting (in degrees
R Fahrenheit) or avetrage tem,perature maintained for winter operation
cT ST during the year for which data. was obtained ; T

® Normal Sumnier Thermostat Identify thermostat setting (in degrees
e ’ Fahrenheit) for air, cq;ditioned areas, If unit is not controlled by a v
R P t(hermostat write "man.ual Moo e . '_ :

: : .- . - o
» . : . L ) : MU / : t_
oL e Qperating Hours Indicate the hours of use for the building on'a daily
. v basis. R T, B :
o ' o 5
.- Operating Days Write the. number of,days per \'ﬁeek the building is in
+ Y use  and numbar of days the building is used’ during a year S

*

v Hﬁ.'\'. '
L]

s k. ' %treet Address Self explanatory.

« : . . .

. ’ < ."' z 'Electric;g From pregious electrical bills or meter readings indicage
S R ‘?5 the total kilowatt hours of electrical energy consumed-during the survey

)
. - year. & ‘MBTQU's of electrical energy use the convérsion fagtor in BRI
F'igure 19. Also indicate cost of electricigl for the year, obtained e
‘ 4‘ ” @rom bﬂling records. A : R
ke ., * v ¥ Gas Obtain volume of gas consumption in MCF (thousand cubic feet), ‘
R A . an‘ annual gas-eharges: from utility bills. Use Figure 19 to ohtain.
T . annual MBTU's of gas. energy. S R e
) \'l, . ’ . w0 ) v ) - ) . .' - )
R v, . ‘ '
- QI Qi . ,' * M ’ - 64 - - .
s . o . 8 - s 'rd
v . ‘ L
» ? [ » ' ?;
. " .':“.) L




- Oil: Sum gallons of oil use by grade of oil (e.g. #2 oil, #4. oil). Note

that different grades of oil have varying energy contents (Figure 19).

6

: Steam Enter toml consumption of purchased steam in thousands (M)

of pounds as shown on ut:llity bills. Obmin energy content from F1gure -
19. R _ T I -

v

Coal From previous bills indicate the amount (in short-tons) and costlfz

§ fOr coal. use. Energy dontent for coal is 1ncluded in F1gure 19,

“ Toml Sum MBTU/YR values for each fuel usad Sum costs in dol]ars .

for each fuel

- Annual Energy Cost per Sduare' Feet: Diyide annua-l e'nergy c{sts
obtained above by the square footage of heated or cooled space.

. Energy Ut:llizaﬂon Index: Div1de the total energy oonsumption for all |

forms of energy (n- MBTU's) by the square footage of heated or cooled
space. _ L , _ PR

T

)
/
/

-’65_-.-

rio



) | Buiding__: . F ‘ T s
\/ ;'_ “I* Use Type: e ' _ IR 2.

. | Heated/Cooled Space.® - " S

: Annual Energy Cost Per Sq. Ft.
- Expected Remaining Life
Energy Utlllzathn Index

' Years

. e _ (From _  to____ ).
“Annual HeatlngDegree Days . » . "~ : e : -
Annual Cooling Degree Days - .- = . - .
. E v
. Gross-Area Sq Ft. T S
Normal Winter Thermostat Setting °F Heated Area _ .8q.Ft. | ..
Normal Summer Thermostat Setting. °F Cooled Area Sq. Ft )
Operating Hours' Hours/Day : g '
- Operating Days Days/Week Days/Year .
Street Address - , _ ‘ _® .
. Electricity - KWH/Yr. MBTU/Yr. - _- $/yr. |
- Gas ‘MCF - _MBTU/Yr. $/Yr. - °
) Oil ‘Gal. MBTU/Yr. $/Yr.’ R
Steam - Mibs. MBTU/Yr, sy, | T ®
Coal . Short tons _MBTU/Yr.: $/Yr.

TOTAL

_MBTU/Yr,,

$/YF.

. T '.‘ . T
. ‘a : . "'”' . 'Q' . )
: L
" Flgure 18 o ;
C . Building Energy Consumptlon Survey ' :
PR - ) " ‘. : .
[N o o .
- v - v i
BPATE ‘ K I 1 ‘ I -
) . . My “ . :
@ - . L PR
B B . - I RC
ERIC - A
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' ENERGY CONVERSION FACTORS (MBTU) ‘ s

3.41.= i

.| Eectricity . | KwH S
o 139.0

#2201l | —_Gallons

#4001 - ______Galvlons‘ ‘ 150.0-. =
#8501 - —_Gallons: 152.0. =
#6O0H - —_Gallons .1530 =
“Natural Gas - | '_MCF (thousand cublc feet) 1031 =

. Steam .| -__-Poundsx 1000
,_C,oal T ___Shorttons '

§

¢ ><.>'< x'xx__xx

28,000

Figure 19

Energy Conversion Factors (MBTU S T
Sources Energy Management InM clpa/ Bu//dlngs,,‘} [

’ - - Massachusetts Department of Communlty !

. o . Aftalrs. -

I . 'Energy Consclous Redeslgn ol Exlsrlng L
N ‘ 'Bu//d/ngs, AlA Research Corporatlon L

s
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e In;,oonduc&ng'-,the"Eederal Energg Management Prﬁgram, the Federal
) "5 _ Energy Admimstration develope“etaﬂed procedures for energy consumption
RS 2 studies as discussed be10w. ’Its focus is to assist buil cmanagers inv

RS ‘highpayofty .
A Climatic chart -used. m'the' FEA method are contained in Appendmf& e e S
¢ '.- 9§pecﬁic retrofit oppOrtunitLes_‘discussed by FEA’are I'isteé i%;,Appendéx B ""’, A :
e, . Lo ¥ ik s SR , *\r;:_; R
i ? There are’ numer_ e’ngi eering a.nd governngeﬁii-lmanuals,;tiiigifi%de W
'bui mg retrofit prOJec ’ will saverenergy{, "i}l}g exan és pno.‘v_'ided in ‘

‘, _y EEA is' esigneg i build o‘u this success L
. ;. prove ._-progeg 8 to. speci ic. energy use sgstgnqs 7‘ ?
£ i entified in a giver bulldmg‘or‘facility. . :

~.,_1

_ . ‘The. od employed pafallels thatfused in a full-scale engineering Q‘é &@" *
- survey. How ;:checklists, reference ta‘bles, and. simpl‘e calcﬁlations L L
. .- based on th ,‘nce ‘of others are subsﬁituted f’or the ,mdre complex ® _°_=' Lo
O /88 uremerits entailed in.a full-séale, engineéring effort; The . "~ " & -
L2 rovide’ the précision of an enﬁfneermgstgdy ,but Dy B
P sipniily. to: identify souna oty T
: 4
by

S teg - Collecting Energy Use Data \his step provides fuei cost data
v”necessary to calwlatewost savings in- alater 'step,’ eahﬁ lso provides ‘

a4

o an overall sense dﬁ priority for retrofit ﬁrojec‘.ts




SRR Step_ 2 - Categorizmg Buildings - In th1s step, a11 of the’ buildings at. a i
i facility are ranked in terms of size, -and thus by their probable energy .
.2+ use; buildings are categorized into types; and the climate zone: that

’ D corresponds to a facility's location is 1dent1fied -

3 'Step 3 - Identlfying Retroﬁt Options In this step, reference tables T o

Ll link appropriate candidate retrofit options with specific energy systems - o
"as a function of building type and the climate zone in which- the building

' . is located. In addition, retroﬁt projects already planned can be easily. L

incorporated e -

Step Eva.luation and Rankmg Retrofit Projects - In this step the

i . energy cost and cost savings of individual retrofit proJects are: calcu- .
77" lated, -alomg"Witly their associated investment costs, The options are
*.“:  .then ranked inAerms of the time it would take for them to pay back
o *their mvestment cost. ' :

’

A . For each task either a sample table, referenced tables, or worksheea'“ o
is provided. - When completed these ma‘terials can-be combined to provide R
) " "“’- reports on retrofit options for individual' buildings and for the entire group of - .a

buildings that make- up 2 facility by - , SR

J.: G‘?

e : ;:-' \ The followmg example on roof 1nsu1ation illustrateshow the FEA audit'. -
N -',;_‘f_ procedure works: o - R e :

EXAMPLE- INSTALL ROOF INSULATION

T _‘ If the building is three stories or less, the 1nsta11ation of Toof 1nsu1a-
Gee tion can save energy. If no insulation. exists 4 then it 1is possible to save 10
L percent of the energy used for heagng by installing si.x 1nches (or equivalent)
Gt of insu]ation. :

P ‘ , . . - . ) . . : )
LS e Preliminary Data Collection - Measure the square footage of roof area’ *
2.t o that does not have insulation. To find the potential energy savings, the ™
O amount of BTU's used for heating must be known, If separate fuel bills -
M PR . are available for the building, and if the fuel ‘source for: heating is fuel A
R oil, the BTU use for heating is represented. directly by the fuel bills. L Ty
Sl Lot Ifgasis used as the fuel for heating, 80 percent of the total bill canbe -

S0 et U used as the estimate of the amount of‘heatmg. If the buildings are’
. “heated with electricity, or if bills are not available for individual - ,
~ buildings, an. engineering’ estimate is needed to provide inputs of
e ":sufﬁcient accuracy to. estimate the potentlal of this option. . e

' e ) . . ‘v'.:' i i




B

g _Energy Savings (BTU's/year) -.1x number of BTU’s used for heattng.

. .Energy Cost Sav1ngs/year = Energy sav1ngs X $/BTU ) '; __ E
Capital Cost 3) - As an estlmate, 1nsu1at1on probably w111 not exceed
-$3 00 per square foot of roof area, " . e

ST —Three—manuals can be obta1ned by ]urlsdictions 1nterested in the FEA _
auditingprocedures T : e L=

Identlfymg Retroﬁt PrOJects for Federal Buildmgs, Federal Energy
' Admm1strat10n, July 1976,

o ._ o ' Energy ConServation Gu1de11nes for Saving Energy. in EmstingT"
27" Buildings; Buildmg Owners and Operators Manual (ECM1),
- ConServatlon Paper No. 20, Federal Energy: Admin1strat1on, Off1ce of

o Energy Conservation and Environment, June 16 1975

: Energy Conser,,vation Guidehnes for Saving Energy in Exist1ng
Buildings Engineers, Architects and. Operators Manual (ECM2) -
L . .Conservation. Paper No. 21, Federal Energy Adm1nistration, Office of
o ConServatlon and Environment June 16} 1975 ' .
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ZONE1-—Over90000egreeDays R, R AR
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el

s
3]
=
+ S
@]

.
P

ZONEt LT T T
RETH@FfT OPTIONS T U
R _Heatlng 1. In&vate Hot. Bare Pipes T
EEU. " land - ‘ ‘InStalICaquing and WeatherStripping ,
' EECRT Ventllatlo_n . '%kall Roof Ihsulation .. v R R e
o Y v Install DoubIeGIazIng T RN SR R
Cew T .‘ .lnstaIIWaII Insulation Lo e R PR | 1.
oo bt 0 install Loading DockDoorSeaIs A R ‘ '
") - Preneat Combustich Air
"‘ReplaceWorn BoilerControIs ] e s 1o
o oofio w0 Insulatesteambines LT e e | e [ g
SOt e L Cinstall and/ or Repjace Steam. Traps el Qe 1 e
[ ]
[ ]

o

Multi-Family Housing.| 3

-|Researchand - .- - |
-|Development .. . .. |

HO”s‘pifat;_.i‘ o j_i':f B 3

L ]
o
L ]
L ]

(O N R R . e

e T fE R ] Return Steam Condensate Yo Boilgr  « « | e

S BTN jo 1 Install Economizer Cyele ¢ [ e e}
-:Shut Down:Air Distributlon S_ystem. e e N o
. Reduce AirVolume =" o | i T PN R

Instalt Autoatic Thermostats - . . | e e | 6|
.- Close Off Unoccupied: Areas’ ": o U eitiec [ e | e |
: "Instatl Heat Recovery Equ_npment o e e e L
: PreVent Alt StratifICation . .:5.1; DR A E

K%

Use Energy; Conserving Fluorescent Lamps o] e e |
” ,Remove Lamps orFIxtures B N o e | . ‘ -
{ # “Install Switching * T e e e ] e e
_.»'-Replacelngandescent nghtmg e e e
4. . -UseMore ‘Effient LughtlngSOprces R T B N e A

. Design Lighting for Specific Task ..~ .~ | = | o | o[- [ 7
i Lower Height of Lighting Fixtures: .. |- | .0 | T S f e
. Renfove Lights Over'Stacks . ., . . [« | = [ S
: Cd?ttl@l Exteriorl,tghting S S e e e fe | e

e¥e ]. .

Beplace IrpfficientAerondihomrs el e e e e N e
“!Iigtall Time Clocks fof Air Conditioners *+ | o [ e[ & [, 07 3
SR N S fnstall T&nperawre Controllerand Sensor e e e | .'_;’_j e S 3
B R R A | ‘\ InS'taIIAmperage Liiting Dthces s e e e T e A e

Install DecentraIIZed Water Heating ' ,j";- Sl el T
Install Efficient NOZZIes and Faucets SRR (U T PR S R
. Use. Waste, Heat’ forWater Heatlng . e e L
o e : Insulate Hot BarePipes Lo s e e e fhe] e
ek -M|§¢9||a'n§°us'..‘ . %trol EIevatorOperation co o T e e e e 1.

T e L R rect PoorﬂowerFactor e e e e e | e

"-.a e ‘
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y'Housing |2

Install Roof, Insulation -
5 4nstaeroubIe Glazing
f’install Walr Insulatlon

Preheat Combustion Alr -

.| Rapiace Worn Boller Controls e

- 4_4.>|nsu|ate SteamLines . - S
" Install and/or Repiace Steam«Traps .
.* Return€team Condensatg to: Boiler-'-'

‘ Install E:éonom1zer Cycle
-Shut Down Alr- Dlstrlbutlon S stem
Reduce Air Volume ‘
. -Inistail Autorhatic Thermostats
"-Clése Off-Unoccupied Areas . .~

. Install H?at Recovery Equlpment o
.~ Prévent Air Stratltlcation "

" Install Cauiking and Wedther Strlppgng‘-_" o

1=k
|8 e’ g
. : - ﬁ.g,' hl
= lo@ .
R
o

' Ue »\E'n’erg'y" _nservlng Fluog

Bemove Lampe_or. letures
1n§t _ll',SWItchlng
Replace Incandescent nghilng_ e
Use‘Mpre Efflclent nghtlng Sources

“Install Time Giocks for Alr Condltloners

Install Amperage Ltmlting Devices .

) ""3‘3" TemperatureControllerand Senso;'_”" e

\ ‘Design LIghtIng‘for~SpecIflcTask < ~f ’."7',,
Lower Helght of nghthg letures e
HemoveLIghts Over Stacks. . e
. ‘Control Exterior nghtrng . e .
Replacelnefflclent‘AIr CO‘ndItIoners ' _.W'”;‘_

Water
Heatlng

T

Install Decentrallze!d Water: Heatlng o
Install Efflclent Nozzlesandé-Faucetsl

In3ulate Ho3, Bare Plpes

1‘I\ilééelldh50‘ﬁs. - Control Eiévator. Operatlo'

Correct Poor Power Fact"‘}'_,

Appendlx 5b
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L _ o . .. 18] 2|28 | =
Heating’ Insulate HotBare Pipes , B AR IR
% | and - +.Install Roof Insulation : e | of o
PR ~ Ventiiation " Install Loading Dock Door Seals _ Y
' ot . Preheat Combustion Air el el e ] sfe-e
< ~.[ Replage Worn Boiler Controls e e m o] el
» Insulate Steam Lines _ .. o . '- o
. K > Install and/or Replace Steam Traps o | e [ e . .
= Return Steam Condensate to Boiler o o | . .
" Install Economizer Cygle ' o | o . .
* Shut Down Air Distribution System o! . .
Reduce Air Volume _ . . . %
W Install Automatic Thermostats -~ _, o | o | o .
Closé Off Unéccupied Areas ' . o e . .
o Install Heat Recovery Equipment el e v '
¢ . Prevent Air Stratification a . ) .
‘ Lighting Use Energy Conserving FluorescentLamps - | ;| o [ o | .
o : Remove Lamps or Fixtures . J . . .
‘Install Swifching o | e .
o N Replace Incandescént Lighting -~ .
S Use More Efficient Lighting Sources . . o
. Design Lighting fot Specific Task . . =
L “ : Lower Height of Lighting Fixtures ¢
I Rejnove Lights Over Stacks " . o
? E ‘Control Exterior Lighting ) o | o . o o
Cooling Replace Inefficient AirConditioners o | o | e ] e R
v . ]lnstaIITime Clocks for Air Conditioners . . e ¢
E : Install Temperat re Controller and Sensor . o .| o .
E : Instail Amperage Limltmg Devices - N . y
. Watéi ‘Install Decentralized Water Heating . . '
= . | Heating : {nstal] Efficient Nozzles and Faucets . .
ot Use Waste Heat for Water Heating « ° e LR
. : N o Insulate Hot Bare Pipes . el e e T .
N Mlscalianoous - Control Elevatér o"peratrpn B o o | e [P e
)‘; ; i .. ‘f Correct Poor’ Power Fac%g o ol e ‘. . e
. o Appendix 5¢c . N > § e
. Climate Zone 3 Retrofit Options S , ; ’ . o
. . ! - Lk, .
4 : Lo e ¢ . Cex T R
" ‘$ . ‘ . ’ o . iiq TR g '
- . L : : BTN ‘ T
* : ~ . 8 S -
Lo . . b . Y )
T _,”. ) ’ : a&.u g

wh
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ZONE4 @ "

" o | QETROFITOPTI@S

Offi

A3
S

Hospital - .

-Research and

O —

Development. -

>

'Multi-Faniily Housing [:

Warehouses

Coo‘tlng

and: - e

{. Ventilation

»

* Replace Inefficient Air ditioners
- Install Time Clocks for C'onditioners
“Install Temperature Controllerand Sensor
Install  Amperage Limiting Devices
" Contrd| S6lar Heat Gain
Hstall Economizer Cycle
Shut Down Air Distribution System
*Reduce Air Volume A
Install Automatic Th.ermoetats
|- Close Off Unoccupied Areas.
Install Heat Recovery Equibment
Prevent Air: Stratification

o 0 o qf"'o .

© 6.0 6 0 0 060 0.0 0

g

R vyt
‘9 @ ® o & .0 & o o o o

“Lgnting

:Use Energy:Conserving Fluorescent Lamps
Remove Lamps.or Fixtures .
Install. Switching
a _ReplaceIncandescentﬁghting
Use More Efficient Lightif Sources
- Design Lighting for Specific Task
- Lower Height of Lighting Fixtures
. Remove Lights Over Stacks
Control Exterior Lighting ' -

ae

‘o & o o o

_Heating

..

Insulate Hot Bare Pipes ™

. Preheat Combustion Air

: Replace Worn Boiler Controls -
Insulate Steam Lines 3

.. | instaliand/or Replace Steam Traps

Return Steam Condensatgto Boiler .

)
+

[

. V.@‘:..f. L. ?.‘.

Heating

Waler

Install Qecentralized Water Hegging
_ Install Efficient Nozzles and Faucets
© Use Waste Heat for Water Heating
Insulate Hot Bare Pipes

Miscellaneous |

Control Elevator Operation
Correct Poor Power Factor = |

ppendlx 5d
limate Zone 4 Re

»

Jrofit Optlons e
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CSTANDARD. Arhitont Frinor
oy Aronitect-Engineer

o and Related Services -
54 g

- Questionnaire . *

-+ Washington, D. C. 20405 * . : |
. - Armed Sve. Proc. Reg.18-403 zf :

© StndadFom2s o4 R

General Services Administration, . 4
‘Fed. Proc. Reg.(41 CFR) 1-16.803 -

—_

» | Sendes Questonnaire” Is provided for that purpose. Interested A-E fims -
.+ (including new, small, and/or minority frms) should complete and il SF .

| 254's with each Federal agency and wi appropriate reglonal or district offices
" lor which the A-E Is qualified to perform sen%ce‘s‘.The agency head for each

‘P'urpose: 2

- practice of

o

| The polcy o the Federal Gd\)em'mént,”ln.pro'cuﬂng archltectural,‘engineeﬂrig,‘

and related ‘Erbfessional services, I8 to encourage firms lawfully engaged Inthe -
ese professions to submit annu X’:‘ slatement of qualfications-

and performance data. Standatd Form 254, * hitect-Engineer and Related

proposed project shall evaluate these qualiication resumes, together with any
other performance data on flle or tequested by the agency, In relation to the
proposed project. The SF 254 may be used as a basis for selecting firms for

- scusslons, or for screening frms preliminary to inviting submission-of addi- )
" tonal information. o R

" Definions:

“Architect-englneer and related services” are those professional sevees
associated with research, developmen, design and construction, alteration, or . -

. Tepalr of real}property, as well as incidental services that members of these . : .

professions and those In their-employ may logically ot justflably perform,
including shudies, investigations, surveys, evaluations, consultations, planning,

. programming, conceptual*desligns, pians and specifications, cost estimates,

inspections, shop drawing reviews, sample recommendations, preparation of -
operating and maintenance manuals, and other related services,

. " “Parent Company” is that ﬁr;n;'compariy, f:orpbraﬁon, assodation orcon-
* glomerate which is the major stockholder or highest ier owner of the firm

conipleﬂrso;hls questionnalre; Le. Firm A Is owned by Fim B which Is, In-
tum, a svosidiary of Corporation C. The “parent company” of Firm A Is
CoporaonC. - ' ‘-

'fPthprilo" are those individuals n.a fm who possess legal responsibilty | ‘
for tts management. They may be owners partners, corporate offcers & -

" shoyldnsert name and addess o hegter oumer, .
5a. If present firm’ls the successor to, orpoutgrowth of, one ormore

4l

¥

N .
|

‘, c%nflemenhry Inputs of Several irms, individuals or. related ’:eMces to
produce a completed study or facilty. The “prime” would nomally be
regarded a5 having full responsibilty and llablllty]J
‘selfas wellas by subcontractor professionals uader ts jursdiction.

" “Branch Office” Is a satellte, or subsidary extension, of asheadquanirs -
offce of a company, regardless of any differences In name ot legal structureof -

such-a branch due to local or state laws. “Branch offices” are normally sub- ¢

~ Ject to the management decisions bookkeeping, and policles %{,\e man® -

o office. | "

'_ ' ‘Inst‘mcﬂbns for 'FIIIng (Nurﬁbers beldﬁ?if-corﬁresﬁongfto'

numbers containedin form):# .,

1. Type accurate and complete name of submitting frmy it aadr‘ess;ané'zip‘ a

code L - oo ‘ @

. Indicate w?zther form is beindsubmitied n behalff)‘ paregtfimaora g |
~ .~ branch offce. (Branch offce submissions should lstonly' personneln, and 9 { .
Sy, expeﬂenc,eo&thatofﬂce.)b ST JCA PR IR BT

2. Provide dateth fim wes estiblishéd,uhder the name shown s

b O ooy borindeat f i & oy e, (See 41
CFR 1-113 or ASPR 1-332.3(a) for dpfinitond of minorty owmership,)

5. Branched or subsidares of dkger or parent companies, or conglomerates

-~ predecgssor fims, show nafhe(s) of dormer enty(es) and the year() of
¢ thelro nal'establlshment K ‘ S

or qualtyof performgnice by

LR
nl
o 3. Show date upon which all submitted informa is cumentand adélrate,

~ 4 Fatet type of ownership, or egal structure,offrm e proprietor, partner.
’ shlﬁcorporaﬂon, }olntventure,detc.) L e '

4 .

M assochtes adqﬂnl;trators. o PR - GAList not more Man twogrincipals m submiting frm who may be con- -
“Disclpline”, as used In this questonnaire, refersto the primary technological tacted bygthe agency recelvlngthlsforrﬁ {Different principals may be Istedon -~ { .
capabilty of individuals in the esponding fim. Possession of an academic -+ - - forms going to another agency.) Listed principals mustbe empowered to speak -
degree, professional registration, certlficaton, or extensive\experience ina - - . for theim on policy and confractual Motters. . .

- partoular ﬁeld of practice normally réflects an 1ndivldual‘s‘pﬂmavry techn!cal.' . 7. Bighning Mﬂ\'the J miting ofﬁce,'list nathelocaion, total fumber o
: ‘dlsclpllneg | L SR | 6persc:jrlnelandt@p,honun'umbersforallassociiatedorbranchofﬂces, (including
"J(:ilmd Vafsnt;lore” rl}s ; ctﬂllaboraﬁve undemldglgthby twt? or rgoredl?’lné\s;ltl)r '  any headquarters or forelgn ofices) which provide A-E and related services, |
individuals for which the. participants are fontly and indhidually S T P S ‘
“Coneultant”, a5 usedinthis questonnaie is 2 highly specilzed ndividua y Show total fiumber of empl "es, F diciplne, insubmitn ‘ofﬂcex(lﬁorm ‘
. or im having signifcant input and responsibily for certan aspecs of a . &belng subrmitted by main ofi?e'yaedqug?tqrs o?ﬂce.ﬂrmshouldll%nbtal employ-- -
 project and possessing unusual or unique capablites for assuring success of . veas, by discplne, In all offces) Whie.dome personnel may be qualfied n -
frished work. I - ' L se\'reray discplines, each peson should be counted only dnce In accord with "
“Prime” refers o that firm which may be coordiating the concerled and - - - His or her primary ,hxncﬂon. Include c‘ier‘ical‘pers'onne.l‘as.""’admlnistraﬂve:'?-‘
S e o SwdwdFmBiuywm
| Qo 8J S PcrbedByGSAFc Pl g 4 PR 1
- ERIC*Y | P ‘

. o ) "
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! L AT R | ‘e
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” .', e i 5‘ ﬁ;}’ i 1 ;“:
ndard Form 254 KR
: . FORM (SF) AfChlteCt En neer - Goteral Senices Admlmstratlorﬂ R
= 1 -~ and Related erwoes - Yesingon,0.C. 05 o
; Q o Fed.Proc.Reg, (61 CFR) 116 eo; w
UeS |onna|re e  Amed Svc Pro ) Heg 16403 SHR |
A j‘ s - ." I‘.-.' R
W “.“ "j \ . . B .‘“‘«.i“y.‘,..‘-n-
IR NCTN BRI §
cost) forthat porﬂon oftheproject for which the i was madl nsible
paces, | . (Where na construction was Invelved, show/hp ommatﬁon o?’ ﬁrmj work)o :
: '"app roplfat ¢ inder nnmber to lnditute range of and (e) stae year work on that parteular project lugs, of wil be cbmplsted’ :,_
ved submtting:fm, epcb endar, year for °. 12, The completed SF2545houldbe gl of i, ef |
‘ f (eesunlzmmhglalgbe rokendFownto gl v ablytl\echiefexecuﬁve officer. - slgnedbyap nqﬁ'a': e er f I
for(o) workperfomet deecth eriheFederal 110 1 10 i o brohine, phot nit sfon W
' \ ‘ntanr“oan ro]ects) or'ash\subtodherprofes  Pros, ¢ w 0 accompany;h m’
'ﬁcﬂy.orﬂme ed&anovehimer(bA ‘other,,- m unlessspedﬁcallyrequested N foe ¥ TR ;_._
~ _.S.Mud gFede 9‘“3“5“ projects, . '. .' ’NEW FIRMS (not reorgan od ot um;tly‘-amlﬁmmd ﬁmu' .
‘ A.l“v’= My ,.«-‘. N ge eligible and encoutaged to seek worksfrom the Fede a S
ot j R SRS ment in cotmection with performance, of proje .
Lol "+ whichthey are quallfied. Such firme are ﬁumedt;}m m W
oy mllllon . S .+ andsubmit Standard Form254toappropﬂ|t¢'mnc u T
' |Ihon1$)§§mlll b tiomontheformdullngwlthpmonneldr, eriepce may be. Yo
illcrto $10 mill n, . , anawered by ciing experience and capabll d?‘in "o
% .- hé A, baved on perormance and mponl lty .“

orgregte”
] .»thqn thlnv (30) ‘-"..‘

- more s
e-Jiting (nexf page) whick mst - -
onkhted tebhinicals Capabillﬁés and .

thirth“profle codes” may .
ﬂn) for each'code. -
oW not exoeed,thi ‘lBO).-» :
+{a) whether frm was “P: "the

fims, In esstence Iess than fve (b}
cate Individual Expeﬁence asopposed to
 ocation of the spectfic project which typifes :
e undg that code cagegory, (¢) give name. -
fhat project, (1f gavemment agency mdwatg T

fnic

~“"a"f~ or. "W part dfe Jplnt ventyreon " L B .

egmmayu L
expertci. v

. ‘employ of othem, In ¢0 doing, notation. g lhoul
+made on he form, In quuﬂon9 writen' lA;’to lndlute not

appllcab X for thou yem prlor to ﬂm ' omqnlpﬂqn q‘, '

‘e ' / b
o Tist, (llisreco@izedm‘inemoﬁlecodvs Y ‘ SRR \#“.
Weg Or rq}ectscon fied oot s are encouragéd ; -f.‘ ! BN M
whichbést. lndlcatewpeandscopeofsemcesmovided St Lo o g - &4 - / \ ﬁ
jjetds.) For each code number, sﬁow totaln #mberofprojettsand A o f.:,j-; ‘\‘“W 3y
fegs (n thousands) received forproﬁle ;;g rmed by firm dudng - 3 -,-.ja;:t : e
gears it has one o more capabifes includwonlls(,lnsen DRI Lo &

Hank spaces*a 1nd of list and shoi berslnquesﬂon 0bnthe .0 )L :g b, {k‘
ﬁldlngsﬁngmultaccompmihecompleteSFZM 5 ' A SRR ha il
edera!agencies ‘ EEDONEIR R ! L . “'“ “% iy ‘

o ﬁle Code" rs.inzhesamesequenceas ' ’@ T P |
'M'at[e %:ecent (within last,five years) K Tt Q 9,
N ptéuhulmumofthmy(?r[l f\ . S ‘% e
ot which firtn was responsible. D T ¥
te to Jusrate diferent services - E T i
ing‘ maybepanofanaudjtodum ¢

" Sundurd Form 2y 1975 -
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" Experience Profile Codefumbers

for use with questions 10 and 41 -

| 001 Acoustics; Noiss Abatement "

002 Aeril Photogrammetry .

"'3- * 003 Agricultural Development; Grain " ‘

Storage; Farm Mechanization

. 004ArrPoIIutronControI »
005 Airports; Navaids; Airport Lighting;

. Aircratt Fueling- ~ . .
006 Airports; Termrnals&Hangars Fretght :
" Handling - '

,007‘,Arctrc.Facttr_tresr R
N Auditoriums&Theetres |
009 Automation; Controls; Instrumentation - -

- (10 Barracks; Domitories
- ~011 Bridges -~
. 012 Cemeteries {Ptennrng&ﬁel atron)
- 013 ChemrcelProcessrng& ge
~ 014 Churches; Chapels -

015 Codes; Standards; Ordinances -~ 7 .

- 016 Cold Storage; Retrrgeratron Fast Freeze
017 Commercial Buildings (low rise);
- Shopping Centers
. 018 Communications Systems I\
~ Microwave -

v 019 Computer Facilities; ComputerSorvroe r

| 020 Conservation and Résource -
© " Management |
- 021 Construction Management

~ 022 Corrosion Control; Cathodrc Proteotron .

: Electrolysis a
(2 Cost Estimating .
- 024 Dams (Concrete; Arch)

"1 026 Dams (Earth; Rock); Dikes: Levees

. 026 Desalinization (Process & Faciltes)
027 Dining Halls; Clubs; Restaurants
028 Ecologrcet&Archeotogrcat
. Investigations
029 Educational Facilities; C! rooms
030 Electronics - |
081 Elevators; Escalators; Peopte-Movers
- 082 Energy Conservatron New Energy
© Sources .

083 Environmental Impact Studres

S 041 Graphrc Desrgn
", 042 Harbors; Jetties Piers, Shrp Termrnal

Facrtrtres

. (43 Healing; Ventiletrno ArrCondrtronrng

" 044 Health Systems Planning
45 Highrise; AirRights-Type Buildings
(46 Highways; Streets; Aifeld Pavrng.

9
i

Parking Lots

" (47 Historical Preservaticn.

- ”;.-061 Hydraulics & Preumatics -~ ..
052 Industrial Buildings; Manutacturrng t

048Hosprtals&MedrcatFaciIrtres. o _'
- (49 Hotels; Motels .0
o 050 Housing (Resrdentret Muti- Famrty ;

Apartments; Condominiums) )

- Plants -
053 Industrial Processes; Quatty Controt

(54 Industrial Waste Treatment
. 055 Interior Design; Space Plannrng

4

056 Irigation; Drainage -

057 Judicial and Courtroom Facilities.

E .. 068 Laboratories; Medical Research

~ Facilities

059 LandsCapeArchrtecture |

o G Metalrgy
065 Microclimatology; Tropical Engtneerlng

060 Lrres Museums, Gallries’
R 061 ltrghtrng (tnterrors Drsptay, Theatre, & .t -
Eo) i

L ® Lighting {Exterrors Stroets; Memur/ets

Athietic Fields, Etc.)

. 088 gi‘)aterrals Handiing Systems Conveyors

rters

066 Military Design Standards
067 Miningh8 Mingralogy ' .
068 Missi®F acilities (Siios; Fuels Transport)

© . 069 Modular Systems Desigri Pre- i

-+ Fabricated Structures or Components
- 070 Naval Architecture; Off-Shore Platiorms
~+ 011 Nuclear Facilitis; NuctearShreIdrng |
" 072 Offics Buittings; Industrial Parks .

073 Oceanographic Engingering

.- 074 Ordnance; Munitions; Special Weapons

075 Petroleum Exploratron Refining

076-Pelroleum and Fubl (Storage and

i

Distribution
- 084 Pnsons&Correctto acilities: \
085 Product, Machine & Equipme rgn
.06 Radar; Sonar: Radto&Ftadar pes

100 SpecratEnvrronments Clean Rooms, Ete

-

| 083 Power Generation,

* 087 Railroad; Rapid Transit
. 088 Recreation Fscrlrtres (Parks Marrnes

| ‘090 Resource Recovery, Recycling
"+ 091 Radio Frequency Systems & Shretdrngs
. 092 Rivers; Canals; Waleiways, . - ‘ﬁ‘

e

U088 Sy Engineering; Accident Studres‘

- 097 Soils & GeologrcStudtes Foundatrons
" . (098 Solar Energy Utilization

"~ 101 Structural Desrgn’ Special Structures -
102 Surveying; Platting; Mapprng. Ftood
~ 100 SwimmingPoos .
. 104 Stom Water Handiing & Facities
105 Telephone Systems (Rursl; Mobile;

106 Testng & Inspectior Svioss

114 Water Resodoes; Hydr

108 Towers (Self-Supporting & Guyed
Systems)

0 Tmeshsmgs ¥
" 110 Urban Renewal; Communtty

r,‘ . \, “
;[@mrssron

Etc). -
089 ‘Rehabilitation (Buildlings; Structures.
Facilities) . . -

- Flood Control

OSHA Studies : -
094 Security Systems; tntruder&Smoke r
-Dtection - . , -

095 Seismic Designs & Studies .

09 Sewage Collectien, Treatment and

. Disposal -

099 Solid Wastes; Incineration; Land Frlt
Plain Studies

Intercom, Etc.)

107 Traffic'& Transportation Engrneenng

Development L
1t UtrIrttes{Ges&Steem)f .
112 Valys Analysis;Life-Cycle Cobling
113 Warehouses & Depots

oy 4,

Ground Water ~ =~ ¢

, o 115 Water Supply, Treatmenta i Djstr tron 7 |
AssessmentsorSéatements o - Distrbution) 116 Wind Tu&ets Research/#ling
(34 FalloutShetrs; Blat-Resistant Desgn .~ om Prpelrnes(Cross-Country—quurd& Gas) . g . FaciltegDesign
(35 Field Houses; Gyms; Stedrums . . o PIannrng(Cammunrty,Regronal | ¥ i Zoning; Land UseStudres T
(9% FiroProtection . - ‘ Areawido and State) o e Q
7 Fisheris; Fish Laddets -, 079 Planying (Ste, Installaion, and Project) 0 R i
(8 Fomsty & Forest Products 080 Pumbing&PpingDesign § .~ - -
039 Garages; VehrcleMerntenanceFaCrtrtres"f . 081, Preumatic Structures; Air$upport - o
| Parking Decks - . Buidngs f 05
. oeoGasSystems{Proper? Netrrret,Et,c,ﬁf " 0B Pt Fcille ‘ - . |
- "\ D8 C ‘ L SandidFom2s4ly 1% ‘
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OMB Approval No. 29=R0234

STANDARD |

1, . .
S e Lo s V'
S O R A

Jsmwmmumm :

fFimName/Busiess pddress: 12 YearPressntFim | 3 Déieﬁr‘epara‘d:‘
-FORM (SF) SR . Etablished: - | v T
: ~f;‘:’)\rch|tact Eng]neer - K e A Typ“'O“”efSh'P
| andRelaled Services'|  1a. Submittal s for - O Parent Company O Branch Office K MmontyOwned Dyes D no
QuQSlIOffﬂ&ll’&‘ , o | _ | , 5
5, 'Name_ qf Pgrem Company, if a" ' 5a. Former Firm Name(s),if any, and Year(s) Established: ' ,
'\i ‘J‘M.“‘ '.v'.‘. ',"""B |
" 6 Names‘of not more than Two Principals to Contact: Title/Teleghone ~* . v |
SR ') ~'v .' ' ‘ “ : » “’ .
K o
i 7. Present Offces: City/ State / Teléph{me /No. Personnel Ech Office .. “ Ta. Total Peréonnel__,__,,
? B f' .
a ‘::“. ! 5 . .i“
b
. “ ‘v . 1 'l . | \ l;v‘ A ¥ \ L ‘*..
I S W —_— -
| '8 Persoringl by Discipfyg;. . SR ?) , L ;
_-bdminisrative < \__/E/atTcal Engineers " Qcsanographers S
* ..{Architects - - .__éstlmators ‘ -+ .. —Planners: Urban/Regional .- — <
= Chemicel Enginbers ~ ** + Geologlsts . ._SanitaryEnglneers —
.— Civil Engineors ___Hydrologisls . —_Soils Engineers _ —_—
... Construction Inspectors _‘__In;enorDeslgners e — Specification Writers —
' . Draftsmen _LandscapeArchIteqts U ___Structural Engineers .
..~ Ecologists —Mechanical Engineors " _« Sungyors =g
[ Economists ‘ ;__;Mining Engineers e ._...TraqsponanonEngmeers S S i
1 | . ..v.._. ---n-n-wd:j o " n — — ' : b
Qqumnpwol Prohssuonal&uvmIms | LstSYears (most recemyearhrst) ' mﬂm""m"“’"“'9’”'”“”5
, Hecewed (lnsenmdexnmnbeu) L __‘ SRR _ S |1 Lessthan$tonon
) 19 1 - 19 19 19 K % ié%%:o %% L
| Duect Federal contractwo;k m(ludmg overseas / — 4, .s;soommg b1 milion
| ANother doméstic work e L L : gmimongogminh" e
; . L ‘ . . $2 million to $5 million -
Vo Kl other forcign work, - 2 . Jﬁ | 5 7. Briloolo§i0niion, + ey
9'E TCrmsmterestedmforeugnwork butwnhoutsuchexponence cheﬂtj pre: 0.+ U f 810ml"|onor9realef Yy NN

Prescrivad Br G4 Ead. Prec: fing. t1 CERITIERE -
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B
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" Washinglon, D.C. 20405+

Swdifmas 0

SpecicPeet

'i ' i a G| ;" ak \ 4 I-'. ) ' N
' co ‘ l 2 .
.. .‘ ' : ' ‘.I" ‘l .| "- } l .‘ l“l ‘ . .
‘ PUTPOSQ!,.“' s et I .
TS form Isra ement*tc;ﬂie; Architect-Engineer and Related Services:

suppl o
"\Questionnare” (&? 254); lts plupoge s 10, provide additonal information -

o re%arding the qualficatons of interesed fimus to upGeriake 2 specifc Federal -
« 1 A project. Fims; or branch offices of firms, sybmiting this form should en-

|+ close (or already habie on Ale with.the appropiiate office of the agency) acur- -

* |, tent(withinthe pastyear) and accuratefpy of the SF 264 for that ofice.

|+ .+ including studies, investigatons, )
" programming, conceptial designs, plans and speciication, cost estmates, . |
:| - Inspections, shop drawing réviews, sample recommeridations preparation of -

The procuremient offial responsble or each proposed profet may teques!”
*subriission of the SF 255 “AvchiectEngineer and Related Servies Queston.
nalre for Specifc Project’ In |
. procurément requlations and shall -évaluate such submissiors, as wel @
“related informatiort confiined on the, Stindatd Form 254, and any other

... performance data on il with the agericy, and shal select irms for subsequent

+.* discussions leading to coniract award in conformance with Publié Law 92.582,

- This formi should only be Hled by an architect-engineer or related senvices ..
firm when requested to do so by the agency.or by a public announcement.
* ~ Responses should be as complete and accurate as possible, contain data rela. . -

tve to the specifc project for which'you wish.to be considered, and should be

.| - provided, by the required due date, to the ofﬂce‘specliﬁe‘d in the request or -

- public announcement, .

, This fom wil be-used only for the spetifed broject Do not tefer to s sub-
17" mitalin ;esponsetd“otherreques;sorpublicannouncgm‘en;s. b

e

Defnions o

L "Archltic‘t-eng‘!_nm and yelated services” e those professional servies

‘assoclated with research. development, désign and cqnstrvctign, altefation, or-
ha o

- tepalr of real property, as well as ncidental services 1 { members of these
. - professions and:those in thelr employ may logically or justifiably perform,
surveys; evaluations, consultations, planning,

. oper?ﬁng and maintenance manuals, and other rel;fed senices.
* “Principals" are those individuals i a fim whopossess lega responsbity

" for its management. They may’ be owners, partners, “corporate officers,

* assocites, administrators,etc. e
“Discipltne”, as used inthi quéstionnaire,
. Capabilty of indviduals in the responding fim. Possession of an academic
© ! degree, professional registration, certfication, or extensive experience ip 2
~particular field of practice normaly.reflects an individual's primary technical .
+ disiplne e ! '
~“Joint Venture”, is a collaborative sindertaking of two

. Tesponsible

accord with applicable civllan and millary

refersto the pﬁ‘mary’tecﬁﬁological' “ s

Sy .,

o

““Joint | | or more . or ., |
~ indwviduals for which the participanis are both jointy and ' individually

" 4., ofthe announcement ssother than the CBD. ‘ ,
< v+ 2b. Indicate Agency Identication or contract number s provided in the

"« disgiplines, each.person

' . L “,'-
' ! : R
\ L &.v" Yoot
Vo

" "HeyPerios,Speclalie nd ndividal Conlants”, s usedin i |.
have major project respondiblty . . | -

" questinmalre refe fo Individuals who'wil
- orwil iprovide- unustal

‘o unigure capabilitesfor the project under
o consderon: T TR

", Instrucions fo Fiing (Numbers|
: Numbers contained in form): . R
1. Give nafn'e'and l'ogationl of f%e'pro}qct for which thls form s being submitteﬂ.‘ ]

below correspand to.

~ & Prode approrie dta ol the Commerce Busines Dy (CBD)dent~~ |*
* . bingthe partiular projectfor which this formls belrig fled: - :

o ‘5"-25.' Give the date A the Commerce Business Dally in'which,the ﬁr.gkct“ |
. -+ .announcement appeared, or indlcate “not appl{cap]e"_(N/A) if the source

. N

' CBDannouncement. ' ;-

.+ thisform for thé project.

L ¢ 3a. Listthe name, e, andteephone number of fha pincipal ho vl
&:in_t of contact. Such ap individual must be empoivered to -

1. serve as the must be empo
speak for the fiin on policy and contrachyal matters nd should be familiar .
C with gidé programs and- procédures of the agency to which this formy s

‘pg;formingtheannounced\ydrk '
4. dnseft the number of

3, Give tth Adress of the specic dffce whlchuzill"have resbk;nsibﬂ'ity: for -

. . S
. : . .

. . . . ) .

. Lot
¥ 1 N " A

. B . . ) L . 1

I
- » "
[ .

.3, Show name f the lndiwdualorﬁrm(or jont venturg)‘Whicﬁls'SUbrﬁMg

! 21 of personnel by discipline presently employed (on date U
of thisform) afworklocation: Whie some personngl may be'qualiedinsevéral 7,
should be counted only once i accord with his ot her 7.

+~ prmary function. lricude clrical personnel as “administative, " Wite in any -
 additional 'disclpﬂnes¢sociqlogist§,»biologis.ts..létc. —andnumbgr‘ of people in- . -

+ each,in blar!k'spac'esl N

~ Collsborating firms, Show the names and addressesof allindividuals or organic -

T Answeroﬁljif}btfﬁnis being submited by cntventuteof o or mote -

« zations expected to.besincluded as part of the joint venture and describe their’

i Jparticular areas of anticipated responsiblty, (18, technical disciplines, adminis-..+ .

. tration, financial, sociological, environmentaf, etc) . .~ -

- 5. Indiate; by checking the'a‘pbrqﬁﬂatexbox‘ whether tis parﬁéﬁiarjojnt o

t *venture has suce fuﬂy,worJ(ed.togetihet’on‘oth‘er'pr‘ojects. R
* Each firm

partcipaing i the ot venture hoiid have 2 Standard Form 254, ‘
. on flle with the contracting office receiving this form. Firms which do ot have' -
, such forms on-file should_p;ovide;éme immvediately‘along with a notation

' '
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' sheet containing requested information” | .

: W ' . N
t o D . T

D 4 .
‘h\‘ R ‘-‘, " o .

, . . . 3
" regardin thetrassoctatron wilh this Jolntventure submtttal TRY

6. It respondent is not'a Joint venture, but intends to use outside s opposed. ,
“to. In-house or permanently and tonnatly affliated) consultants or-assoclates, -
" heshould provide names and addresses of all such individuals,or firms, as well :
" as thelr particular areas of technical/professional-expertise, as it relates to thi,
. - projgct. Existence of previous woglsdgrcg relationships should benoted. If more * ¢
than eght outside consultants or a plesare antrcrpated attach an addttronat i

ﬁh

Regardless of whether respondent Is'a jolnt venture oran tndependent

1. ﬁovlde brief resumes of key personnel expected to participate d this project;

re should be taken to it resumes to only hose personnel and specialists
who will havé major project responsibiites.”Each resume must include: (a) ~

~ name of each key person and specialit and his or her e (b} the project -
assignment ot role whick that person will be expectéd to Al n connec o0

with-this project, (¢) the name of the frm or organization, if any,

" that individual s presently associated, (d) years of relevant experfence with

*, presen fm and othe frms, () the hlﬂhest academic degree acheved andthe
" dscipline covered (if morethan one

1

' oth), the year recelved and the particular technical/profegsto dlscipltne ‘v
. wifich that individual will bring to the project, () f regitered as ag architect,

* engineer, surveyor, etc., show only the field of registraion and the year that
“such regisration was st acqulred. If registered in several sates, do not list-
" stales, and (g) a synopsis of experlence, training, or other qualites which relect”
Individual’s polential contribution to this project. Include such data as: famiiarty -
- with Govement or agency procedures, simiar type of work perormed in the

oreign | capabiltes, etc. Ptease hmlt synopsts of expertenceto dtrect}y
 televant information.

-8, List up t6 ten projects whtch demonsirate the ﬁmrs or jotnt ventures

L compettncetpperform work simiar to that likely to be required on this project.

The more recent such projects, the better, Prime consideration will be given to
_projects which llustrate respondent’s capabilty for performing work similar to
- that being sougtit. Required information must inclde: (a) name and location of -
. project, {b) brief description of type and extent of services provided for each -
. project (submtsstons by joint ventures should indicate which member of the
~ Joint venture was the prime on that particular project and what role It played)
" (c) name and"address of the owner of that project (if Govemment agency,
. indicate responsible offce), (d) completion date {actual or estimafed), (¢} total
construction cost of completed project, {or where no construction was involved,
'the approximale cost of your work) and that portion'of the cost of the pro ject
for which the named firm was/is reSponsrble ' :

i
v

past, management ablites, familiarity with the geographic area, relevant | ‘

' %amed by the Federal Govemment butbelng performed under contract
o
‘heading is similar to that requested in the preceding Item 8, except for (dg

‘, " upon ﬁllng this form,

| project Information provided should include, but not be limited to, such data

ighest degree, such as two Pn.D's It .-}

o subnﬁtﬂnﬁkﬂrts form. Joint ventures selected for subsequent cﬂscmstons R

TR

. ‘material and photographs which best derhonstrate destgn capabthttee of the °

Ltst only those projects which the A E firm or joint venture, or members of -
\the joint yentute, are currently paforming under direct coptract with an.agency
or department of the Federal Government. Exclude any grant or loan projects

offier non Federal govenfimental entifs. Information provided under each

- “Percent Complete.” Indicate inthis ttemthe percentage otA Ework complete

10. Through namative discussion, show reason why the firm ot )otnt venture -
" submitting this questionnaire believes fis e especially qualified to undertake the

lalized equipment-avallable for this work, any awards or recognition

rece ved by a firm or individualé for Similar work, required security clearances,
special approaches or concepls developed by the frm relevant to’ thls*protect '

. et¢. Respondents may say anything they wish in support of their qualifications.
When approptiate, respondents may supplement s proposal with graphie

_feam proposed fof this peoject.
1L Completed forms should be sgned bp the chtet executve otﬁcer ofthe

jont venture (thereby atiestig fo the concunence and commitment of al |

‘members of the joint venture), or by the architect-engineer principal respons!-
He for the conduct of the work in the evenit it is awardedto the organization

garding this project must make avallable a statement of p
a principal ot each member of the joint venture, ALL FO TlO C
TAINED N THE FORM SHOUL?)BE CURRENT AND FACI'UAL “

. Y

o

Standard Form 255 July 1975

R trescrlbedByGSAFedProcRegttthR)HGm ,



. S ‘ OMBApprovaINMG-RmsS

' MSTANDARD |t Projot Name/ Locaton orwhich im sFilng: -+~ . '+ " | 2a COrnmqreeBrrsmm

' « . : . . ) ‘ Illl‘ . -
PfOiOC! . "" o I. ) "':" ". .\".‘ B D ’

! , — \ | 2b. Agency Identrfrcatron
FORM@SH | IR - R r‘be"yAnnounoement " |

. oL - Number, ifany;, =
1 255 1 Co T Dare ifany:e ‘ ( ' n’yv‘ )
\ y ‘. - .:‘. ‘ ' ‘ ) 4 .‘ B ) - ' “ '.',‘ ‘ A Do K ...‘ 1 . !'l . ‘.. ‘ .

© AhitoctBogineer | . tc Y o I CER

Related Services | Ly ".'-‘r-v RN
for Specili - o g - oL e o

() [y ! ) '
3, i or oiVenture) e 8 Address R | Name;Title‘&TelénhoneN'uniberofPrTncipal'tngoméct. o
1. N N T Co s e A : ’
! . G | .
. h " { ‘ s , -
» .r ‘I..',‘ | B ‘ \\ nl,"". l’ e o : ¢

R R '3b.Mfdresoronrbero'penqrm.nomirdm'eremrromrrem'-s*

4 Fo nnerbynscrpr\g L T T 2» IR ?

— dmgvﬁ ve . —FElectricalEngingers -~ "+ "__ Ocanographers
Architeets - —Blmaos — Plannrs Urba/Regional 1

5& Hesthis Jornt Venture prevrouslyworked together? E] yes El o

' CrvrIEngrneers " Hypologists - . SoilsEnginers IR S |
|— Construction Inspectors - __lnterrorDesrgners . N __Specrrrcatroanters L — \““‘ ‘
—Dratomen _LanrlscapeArcﬁrtects?  —SwcturslEngineers ' . __ '\

Ecologits, 'r, ., + . —MechanicalEngineers . __Suneyors L
conomrsrs  ' S '__MiningEngineers . __Transportation Engirieers - - - —— Total Personnel .
At submrttal is by Join- Venture list partrcrpetrng fims and outlrne speciric aregs of resm'nsibiliryg(including admi nistrzrtive, technical and f}nancial) for eaen“finn:-,l ‘r
AttachSF25410reach|fnotonrrlewrthProcurrngOﬁroe) ‘ C S P
Lo . ;
fe ' ' |

. ' ”a , : ‘ v . ‘ ’ ] . .‘ '\ Vo

Yy

: : ‘ ' , S smrdronnzseruryrers

SRR S /~-.,"'_"°"""’°’°""“?°“"“" '1{‘53

CRE



b-mlm...

DO

1

'-'-Q :

¢

6 Outsma Key Consultants/Assocuates Antlclpated for thls Pm|ect %ttach 254 forConsuItants/Assoclates Lmbd |f not aiready of hlewnh the Procunng Offuce)

-

Worked wuth

L o - TR Prlmebefore,“
Name&Address o e L ““Spec'iahy P , -, (YesorNo)

ST . g . ) v . T CEEE - . s

T . o - : s : ‘
. "‘ vl . .
. \ P . .
. ) , L 1 N ' . i W
' s

. ! [l . '

| ‘ ‘ . A oY

‘ PR VT . . ,

+ : '
» . » 1. . . ]
- . e P [ - - - g

. ) , . , L "
. . . . . . . v
' . - . . v C— . ‘ . ! N s
.3‘1 . . . . ; st

r.: : ‘ v ‘
. [} : . Vo i ¢ \'
. . . . . : |
e vttt = = = e v s s R . S .... G —— - . - — —— - —
. e S
A ' k . . ' N ( \ . I} t
! : ’ 4 t . . S

. o . |
¢+ dL ot ) . - ( ’ , . w . %

. ' . .

o
Y ’ P R
Ty — R e I, SO e st et e ]
el - ., v “ '
5 X ) ST , . .
h s [ . 1 . . 4 1o w
) . . i .
(] C4 '
. . ¢ ‘ .
| i

oo

St L : sumuaFonnmumm

S

Yoo a R R I_"PrucﬂudByGSAFodecMWCFH)”lm

|
|



[ [

- o 4

a Name&Trﬂe

Al

| ".b.jP-roj‘eclAssignme“nt':g’- e
o
c; Nare o Firm with which associated: . °

4 Nl

d Years experre;ce With Thrs Frrm S

: e: rEducatron:

-

proposed prorect

o
‘ . . . . C [ .
' . . ) . . . L .
. i . d
b * D . ,
' [ ' | N . B ‘ [ |
‘

. Degree(.s)/Year/Specializel‘ido",, o

" ) . ' N Lo Co N
o ' R v T e
, . . AR IR

-l f, Active ﬁ;ﬁ?ﬂ!tion} Year First Registered/Discipine

g Other Experrence and Qualrhcatrons relevant 1] the

s"l :

7BnefResumeot‘KoyPersons Specralrsts and IndrvrdualConsultantsAntrcrpatedforthrsProrecl . L v

J With-Orher FirrnsL--'

S

. Education; |

L . {

a.‘Name&Title:‘f oL PR

"”'-b. f’rojeetAséignment:“ " . S .

“"‘c.‘Nam‘eof Firm with which associated: ., -
\ )

\ d Years e)rperience: With “Th‘is Firrn o

I ActheRegitalon: Year First Registeri Discipit

A

i gOtherExperrence and Oualrtrcatrons relevant 1] the .
proposed pro1ect ' o L

Degree(s)/Years/SpecraIrzatron '; I .

Dy

- thOtherFrrms--- |

&=
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8 Work by Flrm orJo!nt Venture Members whleh Bm lllumm Cumnt Quallﬁuﬂom Role#lnt b thla Pm]ocl (Ust not more than 10 Pro]ects)

. B
oy

& Projct Name  Locaton

1-71‘

\ .

" |b. Natureof Fim's Responsibilty
e , ’ R

ic. Owner's Naifio & Address
‘ N

e ,Completion

8. EstlmatodCoat(In tkousands)

Dater .
1 _(actualo,r”

" Work for which

Entim | Fim was/is .
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'wr1tten proposals (3 copies) on.or. before ) - to:

T .S APPENDIX VI .

v ) . - i s ‘ LN L

':Sample Request for Proposal for. an .Engineering Consultant .

. E I
. P, . . : \ B e
“ . vl ) ) ' / >

The Town of L ,_-af is currently inviting proposals for the

‘ purpose of conducting a survey, the purpose of which is to identify energy

conservatmn alterations and mod1fications to the Town's current building

'__energysystems.' o o , R -

-

The pro;ect shall 1nclude the survey of ﬂ_ Town Buildings, including

.the HVAC system, pneumatlc electr1c temperature controls, electrical systems

and architectural modificatlons. PO .

Consultants wishintho be conS1dered for th1s project should submit

*-

e .

. ._-~Town Manager

e L, H N i
T Lo ! v ‘
vw A

The proposals s.hould J.nclude mformation on the follow1ng matters.

gmlﬁlcauOns. A S&tement of the firm's capab1l1t1es and exper- :
‘1ence, spec1fically 1n s1milar pro;ects.

2) " Time Schedule. A proposed daltb for complet1on of the survey, .
assummg you were hired on_ ~ ' _ . i :

5} 3) . A§s1sta,nce. An outline of the ass1stance Wthh you feel must be
prov1ded by Town Personnel in. Qrder to adequately complete the
above defined survey :

4)a Program Deﬁmtlon Commentary. Comments or suggestions as t,o
,‘ o changes addljzibns or: delet1ons in the attached program def1n1t10n.

5) Present a five (5) pagé simulated report . g'iving in spec1f1c ﬁefaﬂa w
. the format of the final survey report, complete with examples and -
procedures. ' ‘ : _ 3

b

-
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APPENDIX VHI

' ‘COmpute’r Programs

' ~

ENERGY PROGRAMS

-~ Namé,

- Commercial Programs . .

.

"ECUBE -

HCC-IIT

- Energy Analysls

AXCESS .

Glass Comparison - oy

Energy Program
Energy Analysis
Building Cost Analysis
TRACE

. ". Energy Program” . -

HACE "

' CADS
.SIMSHAC

FINAL .

HVAC Load
- Energy Program

NBSLD (Honeywell)
Energy. Program '

- NBSLD :
B. E. A.P. .
. Postw/,@:fﬁce, Program
‘DEKOB '
TRANSYS
, SN £

T

| ‘Res\ea'x_"éh Programs/Negotiable

J/
-

~Author -

American Gas Assoclatlon : m _

" APEC. . .

“Caudill Rowlett Scott
Electric Energy Association
Libbey-Owens~-Ford -

‘ MEDSI
Merlwether and Associates

' PPG Industries

. TRANE Company

/Westmghouse Corporation ,
w&A Computer Services, Inc.

' UCLA .
Colorado State Umvers1ty

"‘—“Dalton, Dalton, Little and Newport :

. Giffels Assocmtes, Inc.
Honeywell, Inc.
Honeywell, Inc,

- University of M1chigan _
“National Bureau of Standards

¢ Penngylvania State University
' University of Texas _

Umver51ty of Wlsconsm

ngg
IR P



) | B
In-House Program/Proprietary - ~ “

+h_4nerg‘&ggaﬁ A General Eléctric Company
- +-Residential and:Small— T L : -

' ‘Commercial L - Honeywell; Inc. __
Energy Program o IBM . - o '
' SOURCE:  Energy Conservation: Guidelines for Saving Energy in Existing -
Buildings: Engineers, Architects and Operators Manual (ECM2)
Conservation Paper No. 21, Federal Energy Administration, ‘
Office of Conservation and Environment. June 16, 1975. . - '
o i- ' o . - | -.’.::...
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‘The American Soejety of Heating, Refrigerating’ and Air-Conditioning

(‘ 1 ASHRAE Standard 90-75: Energy Conservation in'New* Bullding Design,’
Engineers, 345 E. 47th Street New York, Nev{ York $5 00

.

' _’/ Ny '_,, L2 Energy Conscioﬁs‘Redesip,n of Existing Buildings Workbook and Design
© Uwines | Manual,. -AIA Researth Corporation, 1735 New York Avenue, N.W.

I Washington, D.C.. 20006, July, 1974, Unpublished draft, Contact:
‘Thomas Vonler, AIA/RC. 4_7 = B

. e D

3 .Energy Conservation. A Technical Guide for State a.nd Local Gover
" Prepared by Public ‘Technology, Incorporated for the National Science
 Founffation, RANN Program. March, 1975, Available from Public
/. Technology, Inc., 1140 Connecticut Avei, N W., Washington, D.C.
20036, " Price: $ 10. L L . _

. _..43 . Energy Conservation and the Bﬁilding Shell Educational Facilities
- . Laboratories, Building Systems Information Clearinghouse, 3000 Sa.nd
- Hill Road Menlo Park, California 94025 Price@ $3.00 per single
copy (25% off on orders’ of 100 or more}! e ‘ o
't . . N
5 _Energy Conservation Des1gn Guidelinesafor Office Buildinﬁ. Second SN
" Edition, by Dubin - Bloome Associates: and ATA Research Corporation . e
»* - for the U.S, General Services Admmistration, Public Buildings Serv17ce. e
Available from GSA Regional Business Centers, 197‘7 . $2 00 :

6 MConservation Guidelmes for Buildmg Operations. U. S General® e
. _ Serv1ces Admmistration, Public Buildings Serv1ce. Ava:ilable free. from Lo
' S GSA Regional Busmess Centers, L . R . R
. .n:’. o . ; D AN
.7 Ener Consi "tion Guidelines for Existing Office Buildings. Second '
A Edition, by A esearch.Corporation and Consultants for U,S. Géneral
f R Serv1ces Admmistration, Public Buildmgs Service. February, 1977

v ,ailable from GSA. Regional Business Centers for $2 00, . -,

oo \ : \, 8 : ;§hergy Conservation in. Buildings- TechnicLues for Economical Besign~ e ~-f~—3-~»-.-i-
. .M tGriffin, C.W., Washington, DiC.,: ‘The Construction Specifications o
S -Institute, 1974, .Available from C.S. 1., 1150 17th Street, N.W.,
g shington D C. 20036 Price $20.00. - N A

v

-

' .?"'Energy Management in Municipal Buildmgs. Massachusetts Department - DR

v wrof Community Affajrs, Energy: Conservation Project, 1977 Available - -
S * free of charge from: Massachusetts Departm@nt of Community Affairs, TN
o S Energy Conservation Pro;ect 73 Tremont Street Room 800, Boston, : o
,.“_Massachusetts <02108 RS o .
. - - :108 - .
- g




10 Guide to Reducing. .o Energy UsLeLudget Costs. Prepared by the Energy
Projects of the National Association of Counties, The National League
- of Cities, U. S. _Conference of Mayors, 1977." Available free from :
LT Federal Energy Agency Regional Offilv\es. o

o111’ Guidelines for Savm Ener‘ in Existm Buildin s: Building Owners -
R - and Operators Manual (ECM 1). ' Federal Energy Admmistration, Office
. > of Conservation and Environment: * June 16, '1975. - Available from’
" National "Pechnical Information Service (NTIS), 5285 Port Royal Road,
RETE : Springfield Virginia 22161 Order number PB ’249928/3BA Price
- o Code—13A i , _
N L ' . o b : :

: 1_2 ‘Guideliﬁe's for Saving Ener i;g Existing Buildings: Engineers, Archi—
" tects, and Operatdrs:Manual (ECM-2); by Dubin ~ ~.Bloome Associates
IR }’or the Federal Energy Administratign, Office of Energy Conservation
-~ 7 and Environment. - June 16, 1975, Available from NTIS. " Order Number
B PB 249929/lBA Price Code - 13A, :
_13 Hidden Waste- Potentials for Energy Conservation‘ Davxd B Large,
..~ . . Editor, The Conservation’ Foundation, 1717 Massachusetts Avenue,
I " NeW., Washington, D.C. 20036, Published in 1976\ Price: $4 00
L " per single copy. : 4

"
e

14 Low Energy Utilization School, Research Phase I Interim Report
.. .- . Boardof Education, City of New York. Sponsored by the\National
B Science Foundation, NSF-RA—N 74—117 August 1974

' 15 Model Code.for Energy Conservation in New Building Cons&ruotion.
(Prelimmary Draft) U, S, Energy Research and Deve10pment dminj-
. stratjon,.  January, 1977 Available from National Conference of - -
; ¥ States-on Building Codes and Standards, 1970 Chain Bridge Road, .
: .McLean, Virginia - 22101 Final documentJVailable in July, 1‘\977

16, NBS Technical Note 789 Technical Options for Energy Conser\kition _ .
ST Tn Buildmg . U.S. Department of . Commerce, National Bureau of «"' ;

© 2. 7. Standards. .July, 1973. Available from U.S. Government Printing

o 'Office. Order Number 00300301163-1 Price- $2. 35 \

"Total Energy Management A pract1cal handbook on Energy Conservation .
-and Management (for’ use of owners and managers of office buildings and
small retajl stores), Deve10ped by: The National Electrical Manu_- 3?
facturers Association (NEMA),‘ﬁational Electrical Cortractors =~ ,'\ '
o ‘Association . (NECA), U. S. Department of Commerce. Available from

' ,."National Electrical Contractors Association, 7315 Wisconsin Ave. ’ N Wi, .

- Washington, D. C 20014 Price $0 75
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